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THE PREPARATION AMND PROPERTIES OF HYROGEN PBROXIDE.

General Introduction.

A cosual glsnce throush tune literature mexes at
once evident the variety of uses zgueous Solutions of
fydirogen Peroxide are capable of. Its bleaching over,
energetic oxidizing properties and antiseptic.action
make 1t on important chemical compound to anolied Gcelence.

From the standpoint of pure science its interest
lies both in the similarities and distinguiciiing cior-
acteristics to water. Owing to the velue attscuned to all

the »rowerties of weter it is extremely imoortzut to

study a coimpcund whose properties more necrly anproximate
to water tinan any other substance we at present know.

Provzbly the two most distinguishing charecter-
istics zre those of instanility =2na oxidizing prorverties
both of vwinich nroperties avear to be attributabie to
the secie cause, tile loose conbination of an extra Oxygen
otoil to an extreuely stable molecule, water.

Tiie purnose of this thesis then is to nezsure
those physical constuants of the substence which viould
enable a just comparison to be made betvween tlie constonts
elready known for water snd those determined for peroxide.

e
As the criteriewof purity melting point has been

redetermined and found to be slightly different from that
formerly found.. .The state of 2z regation of the molecules
of Peroxide heS= been tested from the standpoint of the
distribution Law and cualitatively verified by a subse-
quent Dielectric Constant determination ofeyueous Solutions

and pure Hydrocen Peroxide.
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Finally by meons of a specially designed conductlvity
aonaretus making use of ¢ -uadrant electroileter, the con-
ductivity of weak and strong electlrolytes have produced
evidence as to the ionizing power of the substance a8 coil-
pared to water.

Historicel Intiroduction

The term "eau oxyZenée" up lied to designate what we
now call Hydrogen Peroxide is singul=rly aprrooriate. L. J.
Thenard first described the coupound in lclc in a paper
entitled "Observations Sur 1z Combincisons entre 1'0xygenée
et Divers Acides". The discovery was mzde while Thenard
was investigsting thc action of sulphuric;nibric, arsenic,
phos;horic and acetic z2cids on barium peroxide., His first
supposition wes that the liquids he obtained were "rroduits
suroxygenées® of the vorious acids but later he definitely
showed thest the liquids were in every case a super oxide of
hydrogen. He correctly endowed this compound with energetic
oxidizing power and showed tiizt under tae influence of heat
the compound decomposed giving rise to vater and oxygen.

Natural Occurrence.

There is a certain amount of uncertainty about the
alleged presence of hydrogen peroxide in the atmosphere and
rezin, snow and dew, C.F. Schoabein, E. Schone and others

2,
claim having detected its presence in the atmosphere and
rain water. Other investigators, in particular A. Houlezu
and L. I. de 1. Ilsov%sdeny its existence. In any case the
amount must be very small - between 0.04 and 1 mgrm per
litre of rein vater. 1In a year's observation at lloscow, R.
Schone remnorted 110 mgrm of peroxide in the rain and snow

which fell per sqguare metre.
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According to A, Bach, when the chlorophyll of plants
4
acts on carbon dioxide and water in sunlight, formalde.hyde

CHZO, percarbonic acid HzOq‘are formed, as indicated by the

following equation 5}1200392H209'_+CH20. The percarbonic

acid breaking down into CO, and peroxide, thus, HZC%_——P Co,,
Hzoz
due to the decomposition of the peroxide formed. A great

» The ultimate products are of course COp H,0 and Oy

many investigations tend to show the possibility of hydro-

gen peroxide being an intermeuiate compound in many natural
processes. Due, however, to its case of decomposition its

presence is more often assumed than proved.

The Formation of Hydrogen Peroxide,

(1) Formation of Hydrogen Peroxide by Action of Heat.

quzcan be formed by passing a current of moist Qz
through a tube at 2000'Cand rapidly chilling the hot gases.
W, Nernst has estimated the percentage quzcapable of exist-~
ing in equilibrium vwith water and QEai 1/10 atmospheres
pressure to be cuite gsmall i.e. at 2500°C..66%,, at Cboﬂg-
.00036%. It is perfectly obvious that if the hydrogen
peroxide formed at the high temperature is to survive, cool-
ing must be very rapid.

(2) Formation of Hydrogen Peroxide by LExposure to Ultra

Violet Radiations.

Water confined in a quartz vessel is decomposed by rays
from a mercury lamp. The reaction may be represented as foll-
ows 21, 0= H&O';-Hz, of course the hydrogen peroxide is sub-
sequently decomposed to give water and O, and after suff-
icient length of time has ekpsed the hydrogen and oxygen
evolved by both of these reactions are in the proportions

vhich would occur if water were directly decomposed into its

elements,
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(3) Formation of Hydrogen Peroxide by Electrolysis.

The soln which collects around the anode during the
electrolysis of slightly acidulated water ( the acid in
question being H,5Q, ) possesses oxidizing properties usually
assumed to be due to hydrogen peroxide. The mechsnism of
such a reaction may be something'of the following nature.
According to Caven z Lanleignotrsslum nersulphate may be
obtained at the anode using o high current density from the
electrolysis of potessium acid sulphate, thus -

HOS%K_,H2+ ?S%K

HO 803K 0 804K
It would secem probable that the production of hydrogen
peroxide at the anode with water slightly acidulated with
HzSQ+ would conform to the following scheme

HO SO H Q0 SO H

— Hz :

HO SO H 0 SOy H
The ner sulphepfe ~cid then reacts vwith water to give HZS,Oa
HeO —»H,0, + HISzQ7as an intermediate product.and then the
reaction ultimately gives H,0,+H, S 07-? 2H SO + 0.

Probably it is viorth notings in this oonnection thnat
chlo%%ulphonic acid presuwitbly reacts with anhydrous hydrogen
peroxide according to the scheme (5)

2 C1 80,1 4K,0, 0 50 £ HeL
0 SQBH
From this reaction it is evident that persulphuric acid can
be considered as a derivative of hydrogen peroxide in the

follcving manner

O H
1 becomes on substitution of the SO H
O H groups for the two H atoms.

0 SOgH
1 ber sulphuric acid.
0 quH



Commercial Preparation of HzQ&

One of the modern methods takes advantage of one of
the reactions sbove mentioned. An agueous solution of either
potassium persulphate or onersulphuric acid is electrolysed
using a high current density with the subsequent production
of a feirly pure product conteining about 30% hydrogen
peroxide by weight.
Nature of the Impurities usually present in the

Commercial Product.

Before the commercial product csn be used for any sort
of investigation it must be purified. Obviously if we know
what the impurities are we stand a much better chance of
removing them., Usually sus»ended and diszolved ilnorgenic
salids, traces of salts of heavy uetecls together .ith a
small percentage of sulpnuric ecid form thie most important
ones. Due, however, to the instebility of the commercial
oroduct the manufacturer usually adds what is termed an
iniiibitor or more correctly an anticatalyst. Tuls addeu
material hich tends to prevent the decouposition may be ciy
of a veriety of substances; elcohol, slycerol, ecluer, nap-
tnelené, sodiwan pyropnospnate ., om:lic aclid, pyrogotiiod,
acet'nilide)magnesium silicate end s=licyclic acid cre coll
used.

Chemical Effects of the Inhibitas on Peroxide.

In the case of organic inhibitors ectual chemical
oxidation may often take place. It is not an uncommon thing
to notice the smell of nitrobenzeae from peroxide solutions
to which acetanilide has been added. First of all Hydrolysis

of the acetanilide accurs CHy CONH CgHs—+ CHy COOH+#+ C ligN Hy
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The aniline is then slowly oxidized to nitrobenzene accord-
ing to the following scheme -

Ce H,NI—‘}LNC‘Ha-e C HsNH,NH C, Hg

HydﬁSbenzene

C HN: N C Hy 2> CoHsY_J1 G, Hy —>

'Azobeanne Azoxybenzé€ne

2 G HsNO, which is nitrobenzene.
Another example is salicyclic acid. This is apparently
added as sodium salicylate but becomes hydrolysed to sali-
cyclic acid. Because then of the energetic oxidation of the
peroxide the inhibitor originally added is not necessarily
the substance found in the solution due, as has been shown,
to chemical reaction.

Partial Inhibition of the Decomposition of Hydrogen

Peroxide or Negative Catalysis.

As has been mentioned previously there are a large
number of substances classified broadly as orgenic and in-
organic which inhibit to a considerable extent the decompos-
ition of hydrogen peroxide. The effect tnen is a typical
example of the important phenomenon known as "Negative
Catalysis". 6

Unfortunately in contrast to the marked attention and
copious literature devoted to positive catalysis, no well
defined opinion is prevalent as to ccuses or, in some cases,
even the existence of negestive catalysis. s importance
however from both the standpoint of chemical theory and
applied chemistry in such problems as decomposition of
hydrogen peroxide (thermal and Photochemical) halogenation

and agutoxidation warrant a detailed consideration.
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As in discussion of positive catalysisome can classify
negestive catalysis as either homogeneous or heterogeneous
accorcing to whether one or more tien oune pilase 18 concerucd
in tne reaction.

Ordinarily the latter type is explained on iic assuwiption
of interaction with, or absorption of the negative catalyst
on the positive catalyst. Undoubtedly many instances of
"poisoning" must be attributed to such a cause. If tue posi-
tive catalyst be a colloid the negative one may act as an
agglomerating cgent thereby considerably varying the inter-
facial surfece.

Retardation in noilogeneous :xedia does not appear to be
so readily explained on tnis vesis., In this case the explan-
ation seems to be in one, or both of the following consider-
ations, Titoff~7as a result of 2is work on tie oxidation of
sodium sulphite solutions ii: presence of various catalysts
and inhibitors, concluded that in tanis case negative catalysis
consisted in ide suppression of the positive catalytic activ-
ity.

There appears Lo be however quiive a large nuiloer of cases
whicii do not coniorm wo Titoff's point of view, It seeias
necessery to find some other explsnations for the inhibition
of the autozidation of venzaldehyde, styroline, oils, fats,

etc., which has been carefully carried out by ILioureu and

Dufraisse.
8
The rdatively smell amounts of inhibitor excite attention
Accordingly to lloureu and Dufralsse, a trace of hydroquinone
can suppress the oxidation of benzoldehyde. The cquestidn now

crises how crrn one molecule of #n inhibitor in say, 1000C

molecules of reacting substance so markedly affect the process
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of such an easily oxidizable substance as benzaldehyde.
The human impossibility of being in two places at tue one
time makes it inconceivable how any one molecule could Dpe
10000 places at the same time. A simole calculation, now-
ever, will indicate tust the idea is not really avsurd.
lloureu found that carefully purified benzaldehyde absorbed
two cubic centimeters of oxygen ver :inute. The same amount
of benzaldehyde containing .005 grams of hydrocuinone au-
sorbed less than .,005 cubic cencvimeters of oiygen.
This permits us to calculate that ihe number of ven-
zaldehyde molecules reacting per .ninute is a proximately o X
/q ) 1 ) _ ‘ ,q
10 , also .005 grams of hydroquinone represents 5 x 10
molecules., It-wweuld, therefore, a.near from this calculation
that there are a sufficient nuuber of hydrocuinorne molecules
to form an equimolecular compound with all the benzcldehyde
molecules normally reacting per one n=1f minute. Now coii-
nound formation proceeds at an exceedingly rapia rete relative
to the venzaldehyde-benzoic acid reaction so that there are
an adequate number of hydrocuinone molecules to react in
stoichg}ometrically simple ratios withh the molecules
vhich would normally hicve reacted in the same tiwme interval.
WVith the point of view of compound formation on the
one hend and suppression of tle positive catalyst on the
other we are in a position to discuss the inhibition of the
decouposition of hydrogen peroxide. TFor this purpose we may
choose a specific case - viz. the negative catslytic action

of ccetanilide.
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First of all by making use of two justifiable assumptions
let us calculate whether""compound formstion™ theory is
probable., The first assumption is that the decomposition
of ordinary 3% hydrogen peroxide of commerce decomposes

at the rate of about 1/2% per day, i.e., .00l gram per
minute. The number of peroxide molecules decomposing per
minute would be ,.0001 x 6.06 x 10’i 2 X 10/7, add one
tenth gram of acetaﬁ?lide per litre vie have %; X 6,06 x 1023
4,5 X 102? Evidently there are more then su%}?cient number
of acetanilide molecules to form & compound of the farmulae
H,0, CHBCONH C¢Hs which due to its rapidity takes priority
over the sl:cwer reaction leading to water and o« ygen.

We have just shown on the basis of the calculation that
the compound formation is probeble. Let us now compare it
wigh the conception of the suppression of a positive catalyst.

It is to be noted the phrase "hydrogen neroxide of
commerce" was used above. If the same product be carefully
purified,by a method to be described later and so far as it
is possible to determine free irom any inhibitor,decomposition
apnears to be negligible . Tne logical consequence of this
experimental fact then, would appear to be thet the reaction
under ordinary circumstances is due to a positive catalyst and
that the acetanilide syppresses this catalyst to some extent.
The formulation of a mechanism appears to be cuite impossible
because of the number of variable factors involved. All that
one can say about these two theories in this specific instance
is that suppression of a positive catalyst appears to fit in

best with eryperimental facts.
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The Preparation of Pure Aqueous Solutions of
Hydrogen Peroxide and alsoc Pure Hydrogen

Peroxide.

Description of Apparatus.

Essentially the apparatus is that commonly used 1in
vacuum distillations. The receptacle A is separated from
the rest of the apparatus by an ungreased tap T and serves
as a container for the peroxide prior to its entering the
distilling flask B. This distilling flask is fituied to
the apparatus by means of an accurately ground glass joint; -
The flask is firmly held in position by means of the WaterAﬁ
surrounding the main body of the distilling flask; The trep
C is likewise fitted througn a ground glass joint and pre-
vents anything that might ve mechanically carried over from
the distilling flask reaching the distillate. The vapour
is cooled by a condenser D and collected in a two litre
receiver E. This receiver 1s packed in a freezing mixture
of ice and salt. A tube H 1s connected to & manometer G,
then to & calcium chloride manganese dioxide trap K to a
cenco pump. One of the important factors in obtaining the
highest efficiency is to have an adequate cooling system.

A condenser about five (5) feet long through which water at
about 3-5%C. is rapidly passing hes been found quite efficient.
The trap H consisted of a tube about two (2) inches in
diameter and a foot long. It was filled about 3/4 full

of guite finely divided calcium chloride on top of which

was placed a layer of manganese dioxide. The fuxction of
this was to decompose any hydrogen peroxide into water aud
oxygen, the calcium chloride in turn removing the water. It

was repeatedly observed, however, that only a small amount
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Distillation apparatus for the preparation of pure aqueous
solutions of hydrogen peroxide.

A.
T.
B.
C.
D.
E.
G.
K.

Reservoir capacity 500 c.c.

Ungreased tap surrounded by a water bath to prevent leakages
Distilling flask surrounded by water bath. Temp.80°C

Trap surrounded by water bath M.temp. 80°C

Water condenser

2 litre flask surrounded by ice and salt.

Manometer

Manganese, dioxide, Calcium chloride trap
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of water vapour was carried over from tiie receiver. At
least twelve (12) litres of peroxide can be distilled
before the calcium chloride appears moist. It wa
further observed that upon removal of the oil from the
pump on two different occasions no signs of rusting or
‘COrrosion could be detected in the mechanism.

Preparation for and process of Distillation.

For this purpose the 30% commercial hydrogen perox-
ide 1s used. As previously mentioned this conteins im-
purities which The subsecuent process of distillation is
intended to remove. Stated briefly two classes of impur-
ities exist - organic and inorganic. An efficient vacuum
adistillation must accomplish two purposes - a oure dis-
tillate without heavy losses of peroxide. ¥o difficult
problem is met with in the case of the removal of inorganic
materials because any thal are present are non-volatile or
at leest as in the cese of sulphuric acid its vapour
pressure at the temperature considerec is low enough to be
considered negligible.

Actually the reverse is true where organic compounds
are concerned especially those which exert a preservative
action on the peroxide. Conseguently depending on tne nature
of the substsnce present the technigue involved in the dis-
tillation must be altered. The first osroblem obviously
must be to determine what the inhibitor is. This is in
many cases noi an easy tasi for two reasons - firstly the
concentration is small and secondly identification rcactions
successful in water are not necessarily indicative in the

presence of hydrogen peroxide.
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Let us assum one md actually shown the preserce
of a very commonly used preservative acetanilide. We
wish to free the solution from the material. It is well
known that at 7571this substance readily hydrolyses into
aniline and acetic acid, both of vhich steam distill.
Some substance must be added which will form non-volatile
compounds with these constituents. One could distill in
sulphuric acid first eliminating aniline =as cniline sul-
phate. A second distillation with potassium hydroxide
would fix the acetic acid.

In some peroxide recently used the above inhibitor
was shown to be absent. There viere good reasons to believe

ocadd

this was either sodium salicylate or salicylic. Coiour
reactions known to give good results in acueous solution
vere attempted.

The tests however when carried out in the presence
of the peroxide were so masked as to meke a decision
difficult, if not impossible. Some of the peroxide in
question had been concentrated and this, when cocled down,
resulted in the formation of tiny needle crystals which
flcated on the surface of the solution. By using a glass
filter plate these crystals vere removed from the influence
of the peroxide and dissolved in a small quantity of water.
To a portion of this a few drops of »otassium nitrite, acetic
acid and copper sulphate were added wnich, when heatec,
geve the characteristic test for salicyclic acid, i.e. a
blood red solution. This test was considered as confirm-
atory evidence of the presence of the above mentioned com-
pound. This substance sublimes at 76°C.at ordinary »nressure

and 1t also steam distills.
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The problem of distillation obviously resolves
itself into an efficient method for the removal of
not only the inhibitor but the other inorganic impur-
ities as well, AG,S0Q, was tried. This substance will
hold back any chlorides and silver salicylate is also
known. The vezpour pressure of sulphuric acid is so low
thet it +ill introduce no comnlications. This substance
was chosen because it appeared to have no influence on the
stability of the peroxide even at 90°@¢. in vacuo. The
distillate gave no test for eitvher sulphates or chlorides
but did contain traces of salicylic acid. The preoxide
was then distilled in slightly alkaline solution using
the following method for determining the meutral condition.
Under ordinary conditions for a2 30% solution phenolg%halein
is not a reliable indicator. To obtain neutrality the foll-
owing method is recomaended 50 C.C. of the solution is dil-
uted to about two (2) litres and, zoout five (5) drops
of nhenolpthalein is added. Drop by drop 4 N KOH is lect
in until the first appearance of 2 pink colour is evident.
The end point so obtained is probably on the alkaline sice
but just to an extent to prevent undue decomposition and,
appears at the same time to be sufficient to prevent the
hydrolysis of the potassium salt of salicyclic acid,

Even though the alkali concentration is smell, hydrogen
peroxide especially at the temperature of distillation is
extremely sensitive to it. Further foeming is often not-
iceeble. It was found that both of these difficulties
could be eliminated by the simple expedient of adding smoll
guantities of sodium pyEODhosnhateJMAz RVO to the slightly

7
alkaline solution,
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The experimental evidence presented would indicote
thst the correct procedure would be to aistill the original,
crude product in slightly alkaline solution witua a irace
of sodium p§309hosphate sdded. This is onen to one objec-
tion. The cuwantity of sulphuric scid is guite large 1/2 to
1%. The amouni of KOH regnired is therefore also of con-
siderable magnitude. The first pvrtions to digstill veposit
the alkali in the flask so thzt succeeding portions are
pbeing distilled, not in sli_ htly a2lucline, but cquite strongly
alkaline solutions. HEven therefore if sn inhibitor is
oresent, such as sodiwm nyroy-hoshhate, (uite heevy losses are
incurred. One night enaly the scame argument to the dounle

distilled product but it is to be rememberea thet in tnis

~

case the sulonuric zcid nes already been removed zua the
actual ~uount of KOH »nresent even 2t tine end of the distill-
ation of 500 c.c. is probably notemorz than 10 or 1% of
tiie amount present when tane sulpnuric neutralization also
is recuired.

wien, nowever, solutions are not required for sucna
experimental worik s conductivity or dielectric constant
measurements one cistilletion is probably to be preferred
due to the amount of time scved, wiidich, on true whole, may
be more important tuen somewhat lsrger losces,

Bffect of Hydrogen Peroxide on Cenco Pump 0Oil.

As previously mentioned, vacuum distillation was

carried out using en oxdinary rotary Cenco pump. It was
interesting to find out ~hether one could detect any change
in the physical »rorerties of the pump o0il. The most
impertant property from this stendpoint anpeared to be

whether the oil would thicken so as to prevent the proper
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action of the pumpn. The obvious constant to be meas-
ured in this connection was the viscosity. A sample of
the 0il wes taken and its viscosity determined while
another sample was placed in a mechanical shaker with
about an ecual volume of 30% hydrogen veroxide. The
viscosity of the 0il was measured using a 20 c.c. _.ipette
The semple which had been shaken witi: tie peroxide wes

sevarated and distilled.

Time of Flow of 0il Time of Flow of Oil
Shaken with H O _for as used ordinarily
¥ive Hours. r in Cenco Pump.,

11¢ seconcs. 10¢& Beconds.,

All that the experiment sttempts to show is that no
appPreciable chaenge in viscosily takes place under the
outlined conditions.

Bxeoerimental Procedure.

Ccncentration.

The procedure has been dealt with as to how pure,
dilute z2gucous solutions of hydrogzen »eroxide can be
obtained. The next step therefore is the.concentration.
Yo new difficulties made themselves apparent. The same
appraratus carefully cleaned w.as successfully used. The
distilling flask wes filled with the dilute solution and
the concentration wes alloved to go only slowly keening
the temperature at asbout 40°C. In this way solutions of
907o strength were obfained, To carry the concentration
beyond this point meens heavy losses.

Exoerimental Procedure.

Crystallization.

-The only way one can obtain 100% hydrogen peroxide

is by the tedious removal of water from the 90/ solution
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obtained in the concentration of the dilute solutions
as previously described. The apparatus recuired is cuilte
simple. The tube used for the crystallization is shown
in the diagram and the method is almost self explenaivory.
To the lower end of the tube a piece of caplillary is
senled. The tube wes bent through l’cTO° so as to facilitute
placing it in the Eenar. Two more right angle bends were
then made so that it could be fitted by means of a tight
fitting rubber stopper to a distilling flasx. A current
of air passing through drying towers of calcium chloride
and the side erm of the distilling served to stir the
peroxide. A coeling bati of cerbon dioxide and acetone servea
to bring the contents of the tube down to a temperasture
conducive to crystaliization. Tine hydrogen peroxide has a
greet tendency to supercool but if a tempereture of about
c5°C.is meintained for a shart neriod of time crystalliz-
ation will begin without the necessity of seeding. This
appears to be an optimum temperature for it was noticew
that 1f the solution Qas ropidly cooled in o batin of a
lover temperature seeding appeared to be almost inveriably
necessary.

When the mass was about 4/5 solid the tube was

quickly raised from the bath and suction applied where the
air current for stirring passed. In this way the - wother
liquor was quickly carried away from the crystals. 1In
order to as completely as pnossible dry the crystals =
glass rod (one end of which was fastened to a disc)
served to pack the crystals together and help the orocess
of rapid drying. The vrocess is completed until the value

of the permangonate titration indicates within the exper-

imental error comolete removal of water.



15A

| Y

I

Ly

E U
h o

Crystallisation Apparatas



=17~
Usually four crystallizetions are sufficient when the
original solution is 90% peroxide.
The process of preparation has been briefly des-
cribed =nd it is now necessary to consider the ?reservation
of the product.

Preservation of Hydrogen Peroxide.

A great deal nes been uritten zbout the decompogition
of hycrogen peroxide in various containers under verious
conditions. Under ordinary conditions we will consider
gless, There is plenty of exverimentel evidence to show
thet soft gless 1s not an Qﬁfig}ggﬂ receptacle for perox-
ide. As is well known soft glacs is on alkaline gless and
its effect may be due to 2 thin layer of aikali on its
surface. Vie have, howvevcer, had 2liost comilete success
with pyrex.

The gless is treated as follows, - A new pyrex con-
teiner is well veshed with distilled woter. It is then
alloved to stand in contact with strong nitric o2cid for one
or two hours. The flask is thoroughly rinsed with distilled
water and dried with a current of air =zt not higher than 50°
The trestment vias based on the folloving arzuents. Obser-
vation indicated tinzt pyrex wsas better then soft glass.
Alkali repidly decomposes peroxide. Pyrex, on the other
hand, is, 1f anything, an a2cid glass. The likelihood u=s
that pyrex would preserve better than soft glass . Obviously
the glass must be cleaned with some reagent, cleaning
solution was known to have a slight etching action if

allowed to stand long enough to secure chemical cleanliness.

An etched surface means a larger surface and if decomposition
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is a surface phenomenon (at least in part) then dichro-
mate-sulohuric mixtures are not to be recomimended. The
oxidizing acid chosen then vias nitric.

It is war th while pointing out here that really pure
solutions of peroxide are not unstable. The instability
is quite largely due io the presence of foreign substances
both in solution and suspension. An ooservation made
will make the reason for this statement clear. A piece
of tin was in contact with a solution of p.roxide Kknown
to contain salicylic scid at a temperature of 0% . After
tiie intervsl of about five minutes bubbles apreared around
the metal surface. The same piece of tin with tne same
strength of pcroxide from which (so far s we were able to
ascertsin) all salicylic =cid was removed showed no tendency
to decomose even after = half hour's interval.

1t 1s to be carefully noted that tne inference 1s not
to be made that an acueous solution of the highest purity
of hydrogen peroxide Vwill not decompose but rather that a
very small trace of a foreign substance aprears to enormous-
ly accentuate the effect, and where such care has not been
taken the results obtained in decomposition experiments
may be considered as practically valueless.

Care 1is also to be taken in confusing catalytic
decomposition and actual chemical reaction. An interesting
case is thzt of lead. If a piece of lead is dropped into
an aqueous solution a violent reaction occurs. One finds
that in this case 2 large deposit of a lead aride is act-
ually formed probably PhO, and that the violence of the
reaction is not that only of a catalytic nature but a chemical

compound is actually formed. Grease on a flask will act sim-

ilarly.
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A glass conlainer will preserve peroxide if its
surface is free from alkali and it is chemically cl ean.

The Melting Point of Pure Hydrogen Peroxide.

A permanganate titration was run giving a value of
99.97% peroxide. A Beckmann thermometer was placed in
the crystals about 4/5 of the mass being frozen. The vslue
of the mass being - .4 . The freezing point as prev-
iously given was taken when compk te solidification took
place, and the freezing bvath was kept at = temperature
several degrees below the freezing point of the peroxide.
The precaution necessary is to keep the bath .l‘, below
the freezing point continually stirring the licuid. The
melting differs from that found by lMesss and Hatcher by
.90 and this lzrge difference mey be @scribed to the slow
rate of solidification not teiten into account formerly.
A carefully corrected reading gave a value of .29 °C,
The Beckmanpythermometer was standardized et 0% . by plac-
ing it in supercooled water, freezing same and noting the

height the mercury finally rose to.

The Dengity of HzQZOVer the whole Tempereture Renge.

The Dilatometer method was used for this determin-
ation, To a bulb of about 6 c.c. capacity, e carillary
tube was sezled and a scale from a broken Beckman Ther-
mometer woas rigid 1y fastened to the tube, but of course
was so fastened that it could be easily removed for weigh-
ing of the tube. A bath of carbon dioxide and ether in an
unsilvered @éwar could be kept constant by judicious stir-
ring to l/iO of one degree and tle readings were taken with
the aid of a magnifying glass.

The tube was first calibrated with water, Vioter is
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preferable as it has the same type of meniscus as per-
oxide. Water was placed in the tube to a certain height,
weighed and the reading on the scale at a definite temper-
sture was noted. Five such readings were deemed sufficient
for the purposes of calibration. Knowing the volume of
water which could be obtained from the tables from tae
weight, and also the number of scale divisions correspond-
ing to these volumes the volume of one scale division 1is
obtained, and is ecual to ,0015195 c.c.

The first attempt to accuretely determine the density
wes most unsuccessful, The dilatometer was made of soft
zlass and tie bulb was blown on the end of the capillary
tube. It wes only a moment after the peroxide has been
nlaced in the dilatometer thet decomposition nede itself
avparent to a very merked degree. As the tube had been very
carefully cleaned the decomposition aprrp ars to be due
entirely to the glass surface.

Pyrex wius then substituted and it was found the decom-
position coulc be consiaerably reduced esxe cially when tubing
of the required size wus sealed to tne capillary tube, ratier
then blowing a bulb, as it appeared blowing a bulb strains
the glass. A certain amount of local decompsoition is
probably due to point surfaces. Hydrofluoric acid was run
in and run oul again as quickly as possible in order to
remove any points without actually etching the glass. It is
difficult to say how successful the method is and until
more experiments are carried out it is not to be recommended.

It must not be overlooked, however, that the actual

volume of gas is small. So far as a capillary tube is
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The values of the density of pure H&OZ are given

vbelow. The tube was in all cases tapped. A comparison

with Dr, Hatcher's figures in included, as well as the

calculated values from the equation for the curve.

Temperature Density Density Difference Hatcher's
In C. xperimental Calculated Values
-19.7 1.48&55 1.4.56 .0001
-13.5 1.4791 1.4791 . 0000

-9.5 1.4744 1.474¢ . 0004 1.4747
-4.,9 1.4701 1.4701 .0000 1.4693
-2.95 1.4669 1.4673 . 0004 1.4669
0.0 1.4649 1.4649 . 0000 1.4630
2.9 1.4619 1.4619 . 0000 1.4596
Ta7 1.4569 1.4563 -.0001 1.4547

10.0 1.4543 1.4544 .0001 1.4520

12.4 1.4516 1.4519 .0003 1.4492

14.1 1.4497 1.4500 . 0003 1.44%6

16.2 1.4475 1.4479 . 0004 1.4451

1&.0 1.4455 1.4460 «.0C05 1.443¢
20.4 1.4430 : 1.4435 .0005

2343 1.4403 1.4404 .0001

30.1 1.4331 1.4333 . 0002

32.2 1.4309 1.4311 . 0002

34.0 l.42cc 1.4290 . 0002

25.6 1.4273 1.4275 . 0002

39.9 1.4232 1.4231 -.0001

The ecuation is D = 1.4649 +.00105t
D = density of pure H, 0, -
t ® temperature in ‘b.

In order to check the accuracy of the density at zero

the densities of peroxide solutions at zero were also ob-

tained and in this case the volume of pas was calculated.

The open end of the dilatometer (B) wes attached by

means of a flexible rubber tubing to one arm of o manometer

(A).

A reading on the dilatometer scale was taken and, then

by raising the mercury level in the other arm the pressure



(nessured by the difference in height of the two aIms )
was apnlied to what bubbles were present.

By means of a formula the volume of the bubbles
at atmospheric pressure can be calculateu and this vol-
wme subtracteq from the volume of the licuid at the height
tie reading under atmospheric pressure was taken. The
formula for tihe calculation of tue volume of the bubbles
is deduced in the following way.

Let P, - atmosphcric pressure.

Let Py - pressure anplied when the mercury level

is reised.
Let V, - volume of bubbles =t pressure P
Let V, volume of bubbles at pressure P

Then assuming Bayle's law,

P,V = P, Vy
Also V, - V, = difference in the two readings on the
scele x volume of one division
v - V, = (R, - R, ) K.
Where R, = reading «t P,
R, = reaaing =t Py
Now V, = B Y, - K(R-R)=(I- ;'
2

Pa
by means of the formula above and the necessary corrections
applied.
The results are tabulated below.

% H QL Readings  Reading Density  Volume of ses

Atmos.Pres- X 4 cn. in c.c.
sure. —
97.02 96 94 1.44¢9 .00&6
101 97 1.4486 .0156
104.5 99 1.,4488 L0214

Mean value for density 1.4486
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% Ha0, Readings Reading Density Volune of gas

‘ Atmos. Pres- 124 cm in c¢.c.

G sure.

93.61 267.9 262.5 1.4320 L0211
26845 263.0 1.4318 .0215
270.0 264.1 1,4319 L0235

Ifean value for density 1.4319

The equation for this curve faking the density at
O‘c. for 100 per cent peroxide as 1.4649 is D = .94c6 +
. 005163A

D = density

A I % peroxide

The fact that the density of Hin obtained by merely

tapping the tube agrees so far as the curve is concerned
with the two values obtained by the mressure' method seeims
to warrant accepting the value at OOC. correct to at leest
one part in 700CC.

The Distribution Law,

The distribution of H,0, between water and ether.

Before we deal snecifically with the above system
it is well to consider the significance o the distri-
bution law and wnat 1t achieves in cuantitatively defining
Heterogeneous equilibrium. ,g

Egquilibrium belongs to one of two classes - viz.,

homogeneous or heterogeneous. Tie forier class lends itself

much more readily to either = theorectical or expe rimental

approach. This is due to the fact that the equilibrium

is confined to one p.ase, while the latter, heterogeneous

is concerned with two or more. Heterogeneous equilibrium
can be defined in two ways. Its cuelitative expression is
given’by the Phase Rule, its quantitative by the Distribution

Law, while the former is perfectly general in its scope
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the latter is extremely limited and mey, under tiue
most ideal experimental conditions, only be considered
as an approximatin to a law - anproximation because of
the number of variable and unknown factors.

Thermodynamical Deduction of the Distribution Law.

The law can be deduced by means of a thermodynamic
cycle carried out at constant temperature. Consider for

this purpose two systems ot equilibrium and denote them

A ’Hiz
8

as 1 and 2.

— T

8

]

A substance C is distributed between two completely immis-
cible liquids A and B. Su pose the concentration of C

in A and B for system 1 be C, and Cz respectively, end for
system 2 C3 and 04_respectively. It is then recuired to
show that ¢, = Ca = Constant.

E—; C’.
Pirst Steon.

Suppose du molecules of C are taken from A (system 1) and
transferred to A system 2. If the process be carried is-

othermally and reversibly the work done Eg= du R T 1m c,
Ca

Second step.

The du molecules transferred to A (system 2) will distribute

themselves between A and B, No work is done as eguilibrium

was assumed to exist.

Third Step

Transfer du molecules from B (system 2) to B (system 1)

isothermslly and reversibly. The work done = du R Tlvcg= VWi,

Ca

Fourth Step.

Distribution of the du molecules trensferred from B (system

(‘ )

[

)
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will take place but as the system 1 is also assumed to

be at equilibrium no work is done.

The work done in carrying out the cycle is therefore

‘W‘ -+ Wz
i.e. duRT 1n ¢, + duRTIn cg = 0
i,e. C. . Ca O . = Ccz

C3 ce4 Ca Cq

which was what was to be proved.
Certain assumptions were made that must be noted in
obtaining this derivation,

(1) The molecular state of aj.regation is the same in
both phases for the distributed substances.

(2) The a>plication of the gas law 1is only justified for
very dilete solutions.

(3) The phases are completely immiscible.Despite the
limitations imposed on the law the asplication of it to
liguid systems has yielded many usefulfocts and admitted
the interpretation of phenomena otherwise inexplicable,

Berthelot and Jungfleis%dwere among the first to note
a consistency and constancy in liquid - liquid systems.
Their results are interesting in the discussion which will
follow and are tavbulated below. The partition of Iodine and
Bromine between carbon disulphide and water gave the foll-

ovwing results.

Iz in CSg & H,O0 K. Br, in CSg& HaO K.
Grms I per Grms Iz Grms Bra Grms Br,
10 c.c. HpO.per 10 per 10 oer 10 c.

C.C. CSa c.c. HpO0.c. CSz
. 0041 1.74 420 0.176 10.20 58
.0032 1.29 400 0.030 2.46 82
.0016 0.66 410 0.020 1.55 z
.0010 0.41 410 0.0011 0.09 0

. 00017 0.076 440



-2

Three things might be observed in connection with
the above results., Hspecially in the case of iodine the
solutions are very dilute, K is not guite constant, the
deviations Dbeing much larger for Br than for iodine, and
lastly the state of aggregation is probably the same in
both phases. A more nearly ideal systeil would be very
difficult to obtain than the former of tne above aud yet
quite large fdeviaiions are evident.

A great number of systems (the one to be discussed
being an excellent cvample) do not even ajpproximate to a
lavw vhen the enplication of tae lew in its simnlest form
is apnlied. Nernstvzéowever, shoved tnet this was, in
many cases, due to & lack of consideration of the otate of
aggregation a distributed substance assumed in each of the
two pheses. His argwient wvas tnat the same molecules
cannot be in immediate ecuilibrium if their molecular comn-
plexity is different in the two pucses.

Let us assume in one of the pheses the distributed sub-
stance is ascoclated and in the other the molecule is not.
We can then deal with the problem by assuming a homogeneous
equllibrium in one of the phases and 2 heterogeneous ecuil-
ibrium between the non-associated molecules in the two phases.

Such an ecuilibrium could be diagremetically shown -

Nernst®s modificetion then taikes the follewing form.
(L) If the dissolved substances hes the same molecular
veight in both solvents, its distribution coefficient is

independent of the concentration.
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(2) If the distributed substance consists of molecules
of different molecular complexity the above generalization
holds for each molecular species,
We cre now in a position to give the mathematical
interpretation of this modification of the simple distri-

bution law - the following type of eqguilibria is assumed.

X I
{17

ZJJC[ S[x]z Ir

Let X represent the type of molecule characteristic of

both phases end associated in nhage 2 to the dimolecular
condition. Let C, = concentration of rolecules as analy-
ticelly determined in I and Cz‘ concentration as analytically
determined in 2. Let'ixr anmount of dissociation of complex
molecules into simnle.
Then 1 - a = amount of association
Therefore C gza = concentration of simple molecules

Cz(i-a) = concentration of complex molecules.
Substituting in the above ecuilibrium in »>iase 2 we have -

2
Caa)” = K, i.e. Cpa -VT (I-a) K

Qz 1<a)

!

According to Nernst tae ratio of the simple molecules in

the two phases is constant. e have Ct¢ _ K or Cis, = Kz
Cz 2 / Ezzl"ajKi
or finally C., - K3 = Constant.

/ Ca(l-2)

To actually define a heteroyeneous equilibrium oawe
recuiresto xnow the molecular complexity for each and

every concentration,that is o#emust know a.
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The Distribution of H,0,between Water and EBther.

Bearing the above considerations in mind, let us
novi consider the actual results obtained and attempt to
show how the former points of view fit in with this par-
ticuler system.

Experimental Procedure.

The apparatus used in this connection was extreumely
simple, the diagram being almost self-explanatory. Rarlier
investigators like Vialton and Lewis shook a mixture of
hydrogen peroxide wvater end ether in glass stoppered bottles
at a constant temperature. This idea was not considered
advisable as peroxide shovs a distinct tendency to decoiipose
at ground gless surfaces #nd in order to minimize this diff-
iculty an entirely different idea was used.

A glass tube (A) avbout 16 cm. long anc 2.5 cm. in
diameter was drawn out to the diameter of the neck of a 250
c.c. graduated flask. This neck was sealed on providing a
means of having the tuve closed with a tigntly fitted gless
stopper. At the bottom and about ¢ cm. from the bottom
capillary tubes (F) were sealed in the tube (A). Before
the bottom was sealed a glass stirrer vas inserted consist-
ing of three glass spirals spaced about 4 cm. apart and to
the top of which a light iron nail enclosed in a glass tube
was sealed.

The licuids were stirred, at a constant temperature for
about an hour by means of a magnetic stirrer. Around the
neck of the tube as indicated in the diagram a solenoid (B)
of bell wire was nleced, coimmected in series with a baﬁk of
lamps. In parallel with the solenoid a circuit breaker (C)

was connected to raise and lower the stirrer. The movement
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of the stirrer (E) was in this way made dependent on
the periodic varietion of the current in the solenoid
and not in the actual making and breaking of the circuit.

It was found a four litre beaker (D) filled with
water could satisfactorily control the temperature to one-
tenth of a degree with the judicious use of a ﬁunsen flaume
and stirring the water continuously with air.

The experimenteal procedure was as follows: An
agueous solution was poured into the tube till 1ts level
was about that where the second capillary tube was sealed
in, On top wes placed an equal volume of ether which nad
been purified by washing, standing over calcium chloride and
subsequent distillation, after sodium had been allowed to
react for some two or three days. Rubber tubes fitted
with glass plugs vwere nlaced over the ends of the capillary
tubes and the glass stopper put in place. The mixture wvas
stirred at a constant temperature when after an interval of
one to one and one-half hours ecuilibrium was reached.
Portions of each pnase were then removed in tie following
manner. A hollow ground glass tube was insertec in place
of the stopper after attaciiing a rubber tube to it. The
liguid layers were then blown out through the capillary
tubes into 25 c.c. specific gravity bottles, the first
portions in each case being neglected. A definite volume
of each layer was then titrated, or if one c.c. of the
layer recuired too large a quantity of wnermanganate then
one c.c., was diluted to 25 c.c. in a graduated flask and
a definite volume of the dilute solution was titrated. In
order to reduce errors tc a minimum the same pipette was

used for both layers.
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In order to obtain concordant results one of the
most imhortant things noted was the efficiency of the
stirring. A stirring stroke 5 cm. usually suffices but
in any case the intverfacial layer between tune two phases
must be continually broken. Probably the nain reason
for care in this direction lies in the fect tiast perox-
ide solutions, especially those of higaer concentrations,
are much heavier than ether. This ~recaution applies
ecually well when diluting a sample of tihe layer to a
knowvn volume. Vigorous stirring is necessary to ensure
homogeneity.

The results obteined in the experiment are exoressed
in mol fractions of hydrogen peroxide per c.c. of tue

original water and ether layers obtained in the following

way.
¥ol. fraction - no. of c.c. KMnQ04 per vnit volume x X
Mol wt. of H O
- C.C, KlinO4 pexr c.c. layer x ,004207
34
Tewn. =5 C.

Xol.fraction Grus. per c.c. ‘
Water HEther Water - -layer Partition Coefficient
.03b44 . 01890 1.205 1.87
. 03227 . 01563 1.097 2.06
. 02952 .01314 1.0030 2423
. 02900 .01261 . 9850 2430
. 02282 ., 008880 . 7760 2.57
. 01689 . 005284 .D744 A
01593  .004610 15134 2153
.01194 . 002531 .4061 4,74
.009416 ,001355 L0220 6,95
,009374 ,001324 .3115 7.06
,005106 ,0005¢73 L1697 10.95
.004709 .0004097 .1610 11.55
.004166 ,0003530 .1415 11.c2
.002238 ,0002062 . 09650 13,73
.001934 ,0001252 .06D7¢& 15.42
.001231 .00007617 . 04156 16,13
. 0005090 .000030"70 L01731 16,55

. 0002571 .00001525 00874 16,03
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TemE. Oo C .

Mol. Fraction Grms. per c.C. ; o
Water Ether Agueous layer. Partition Coefficient.
. 03740 . 02418 1.2740 1,54
.02410 .01023 2213 .36
.01053 .002846 . 5583 3.71
.005930 .0008394 .2016 6.31
.001442 .0001540 . 04902 9.36

The Distribution of quzbetween Water and Bther.

Discussion of Results.

It is at once evident that the partition coefficients
show no constancy in value. The first part of the curves
1, 2 and 3 drop cuite sharnly with a later tendency to be-
come almost horizontal w the x axis at higher concentrations.
It would appear had Kolossowsky vorked through the whole
range of concentrations his curve would have been between
1 and 3 for higher concentrations.

For very dilute solutions the curves 1, 2 and 3 all show
a slight bend but without actually determining values for
concentrations of the ordér of 1 and ,05 ®1r cent we are not
Justified in assuming they become asyntotic to tihe x axis.

The guestion now arises as to the possibility of making
¢cuantitative precic tions about such & system. Let us review
the conditions essential for this purpose and see if the
system approximates to themn,

(2) Immiscibility.

If the distribution ratio is to be constant the phases
must be mutually insoluble that the mutual solubility is not
altered by the distribution of a third component. This con-
dition is, of course, never completely realized. The distri-
buted substance can, of course, do one of two things, it can

either decrease or increase the solubility of the two phases.
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If the former occurs then at higi concentration, it may
reduce it to a megligible amount. If the = tter occurs
the solubility of the two nheses gradually increases to
a point - consolute concentrations - that is only one phase
remains. In such a case the nartition coefficient gradually
drops and ultimately becomes equal to unity. Considering
the question from this point of view, only when the dis-
tributed substance is present in infinitely small smounts
or is very dilute can we expect it not to affect the mutual
solubility. The term dilute is a rel=stive term because
the lowering or increasing of the mutual solubility is a
function of the properties of the components of the system.
Therefore a given system may be investigated over a much
wider range thaen any other vwithout violating this condition.

Hydrogen peroxide annears to increcse the mutual solu-
bility of water and ether to & moerked degree and some experi-
ments were carried out on just tnig effect. If one adds
alcohol to an ether-water solution one finds it requires five
times as much alcohol a2s is required when a 52.5% neroxice
solution is substituted for the water layer. This vould
indicate that the process of reaching consolute concentrations
le.s been increased by the peroxide and that in this case tne
quantity of alcohol required tc comnlete it, i.e, mzke the
distribution unity is less than in the case where no third
component is present. The system does not conform clcsely
therefore to the nrinciple of immiscibility.
(b) The State of aggregation of Hydrogen Peroxide in the

twoAphases - Ether and Jater.

The second condition recuired is that we assume either

that the molecular condition is the same in both phases and
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that it can be represented by simple molecular or else

that we know quantitatively what the molecular weight is
and can calculate the constant of the homogeneous equil-
ibria in each phase.

It has been definitely shown the law of partition in
its simplest form is not applicable to the system. This may
be due to one of two things, either the system dee s not con-
form closely enough to the principle of immiscibility or
association occurs in one or both of the phases.

Evidence for association of Hydrogen Peroxide in the Ether

Phase.

It is sufficient to say here that having measured the
Dielectric Constant of pure Hydrogen Perx ide and 1ts =zgueous
solutions we heve found the values to be higher than water
end for some of the solutions the difference is one of a
different order of magnitude.

Association of a molecular species must be regarded as
a type of chemical combination differing only from ordinary
types of combinations in that it takes nlace between like
rather than unliiie molecules. It is evident thet ve muct
postulate some forces acting to bring about a more complex
state. When a substznce is known to possess a high dielec-
tric constant we are justified in postulating a segregation
of the electric charges cf the molecule resulting in, or
givingrise to, fields of force probably both electromagnetic
and electrostatic in origin.

Let us dissolve this type of molecule in two types
of solvent, viz. 2 polar and non-polar solvent, represented
in this case by water and ether. One would expect the

following conditions to result. In the former case two
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types of forces are active. Either the peroxide mole-
cule will coalesce directly with the water molecule oT
it will tend to associate with itself. The problem then
resolves itself into which of the two sets of forces will
be most predominant. We are certainly unable to give a
decisive answer But what we can say 1s that especially
where water is present in excess solution far the most
part ought to take place in the simple molecular condition.

In the latter case, viz. a non-polar solvent, the
comd ition: is not the same, here the forces acting between
ether and oeroxide are very weak and Wwhenever molecules of
peroxide collide the chances are falrly large they will tend
to unite vith themselves. In other words the conclusion is
that peroxide molecules would tend to associate to guite
a large extent in the ether phase. Owe knowsneither the type
of molecules in the ether phase nor the degree of dissoci-
ation at various concentrations of the molecular complex.
It willhesimply essumedthe moleales are in the dimolecular
condition and apply Nernst's equation. The equation to be

used 1is Cs = K which was developed earlier.

V—Cz (1-2)

Since we do not know *a' the degree of dissociation of
the complex molecules we wWill neglect it for the moment and
calculate the ratio between the concentration in the water
phase and the square root of the concentration in the ether
phase. The following results were obtained,

Conc. of H O Water Phase Teip. 25° Ratio
Conc. of H O Bther Phase.




. 03544

V .01890

0,03227

V. o1s63

0,02952
r— 013142

0.02900
U 01261

0.02282

/008880

hej

lo

0.01689
V005294

0.01573

/. 004610

0.01194
V= 002551

0,.009416

/ .001355

0.009374
V. 001324

.000 3

0.004709
V=, 0004097
0.004166
V™ 0003530
0001934
= o01852
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Ratio.

0.25¢&

0.242

0.232

0.237

0.233

0.173
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Ratio,

0.001251 0.141

V' .00007617

0.0005090 0.0730
V=, 00003070

0.0002571: - 0.065&
V00001525

Conc. of H O water Phase.  Temp. C. Ratio.
Conc. oif H U XETner phase.

0.03740 0.241

V" o0z418

0.02410 0.259

| 01023

0.01053 0,199

«002c46

0,005930 0.180
v 0009394

0.,001442 0.118

. 0001540

Curves were plotted and included below. Ratio as
ordinates and concentration in water layer as abscissae,
Both curves appear to become asyntotid to the concentration
axis, but vith a decidec break in the curve both for the 25
and Occurve. Let us neglect the breaks for the moment and
consider if tle curve is consistant in its general asnects.

In the first place the calculations used, assumed com-
plete association of the peroxide molecuLa? over the whole

range of concentrations, There is plenty of evidence to show
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that this is not to be expected for dilute solutions.
Mole cular weights in very dilute solutions substantiate this
point of view. What the curves do alluw us to presume is
that 1if one properly allcwed for the dissociation of the
associated molecules for dilute solutions one w uvld find the
ratio approximately a constant.
We will now reconsider tie Nernst equation Cis - - = K
/ C, (1-a)
For the most dilute solution under consideration at 25°C
the ratio was found to be .065&, At this concentration let

us assume a = .9. That is 90% of the molecules ¢n the ether

phase are non-associated at this concentration. e have found
that C. = 0.0658 l-a = .1 V1i-a = 0.316

<

K = 0.065& = 0.202
0.316

o
For the most concentrated solution at 25 C the ratio was .25c.
‘It is _assumedhere that a = 0.1 i.e. 90% are associated.

1= a= 0.9 ¥1-a = 0.950 K= 0.298 = .27z
0.95

If the values for a are reasonable then it is evident a
fair constancy in ratio results from this calculation. %We can
offer no explanation for the derivation o the curve except
that they are in the region where a compound between hydrogen
peroxide and water is formed and also where a maximum value in
the dielectric constant is encountered.

It, therefore, seems that the mest important factor in
the interpretation of the above system is the state of ag-
gregation of the molecules in the two phases. On account
also that a full © nsideration will be taken up in tne nexti
section of the thesis of association no further discussion at

this point was deemed necessary.
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By taking into consideration the state of aggregation
of Hydrogen peroxide in the ether and water phases
the above curves were obtained at 25 and 0°C

The partition co-efficient = Cone in water phase

Cone in ether phase.
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THE DIELECTRIC CONSTANTS OF WATER, HYDROGEN PEROXIDE

ANND ITS AQUEOUS SOLUTIONGS.

General Introduction.

Sufficient physicel chemistry datérgvailable to indicate
the probability that the dielectric constant of hydrogen
peroxide is of the same order of magnitude as that of water.

Owing to the high value of water and its corresponding
abnormalities, the determination of the constant for hydro-
gen peroxide and its solutions seemed to offer some interest.
Irrespective, however, of the method employed it aopeared
necessary to have the peroxide come in contact with metal sur-
faces. TUnder tuese conditions decomposition and even ex-
plosion might result so that efforts were mace to find a metal
surface which-would be inactive when in contact vwith either
tne solutions or the pure material, Ultimately it was
decided that tin more nearly approached the ideal than any
other metal which was tried,

The first difficulty of decomposition at metal surfsces
having been for the most part eliminated, the choice of a
suitable method of measurement was then considered. As will
be subsequently discussed a number of methods have been dev-
ised but probably the most general of these is the capacity

method.

The use of the heterodyne method involving two vacuum
tube oscillators offered a convenient and accurate method for
capacity comparison. The method is, as one might expect,
comparatively new so that considerable amount of experimental
work was necessary in order to use it for the measurements in

question. A new type of cell was devised to serve the



purpose which obviates the necessity of making lead
corrections and sufficiently flexible t0o measureiiconstants
framl to 100, For the measurements of hydrogen peroxide and
its aqueous solutions the cell was constructea entirely of
tin.. Before going on to the experimental details and to
illustrate the general significance of the dielectric con-
stant in chemistry, an attempt will be made to give a fairly
full account of the physical significance of the dielectric
constant. As this is not measured directly but as a function
of the capacity it is considered advisable to show clearly
the relationship between the two quantities.

Following this the chemical significance of the dielec-
tric constant is discussed from the point of view of polar-
ity as evidenced by association, and indicated by types of
valence forces, electro and co-valent, Finally the precise
experimental method is developed, the results obtained are
then given and it is ultimately shown how these specific
constants illustrate the correctness of the general deauc-
tions,

At the end of the main section, using the wvalues of
refractive indices determined at three wave lengths for
various strengths of solutions, the electrical moments of
the peroxide and water molecules are given and the appli-

cabilitylof the Debye equation in the above cases discussed.,

The Dieléctrib Constant.

The original conception & the dielectric constant
began with Faraday and there is somewhat of a barallelism
in the development of the idea and the atomic concept of
electricity. Chemical combination is now considered to be

either a shifting or a sharing of electrons or both and any
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physical constant capable of giving an idea as to the
extent either of the above phenomena tske place is signi-
ficant in theoretical chemistry.

Unfortunately there are not a great many constants
which give evidence as to the distribution of electricity
in a molecule, so that at present the dielectric constant
is considered one of the best guides in this respect. In
chemistry one usually refers to the distribution of elec-
trical chargeé in a molecule as "polarity" and subsequently
an attempt will be made to develop the idea both from a
qualitative and cuantitative point of view. Before, however,
this can be satisfactorily accomplished the physical signi-~
ficance of the dielectric constaent must be dealt with
bfiefly.

The Physicel Significance of the Dielectric Constant,

The force of attraction between two oppositely charged
bodies or the force of repulsion between two similarly
charged bodies der nds on two things, the degree of electri-
fication of the two bodies and their distance apart. This
relationship is expressed mathemaztically by f’aiggé%&
where F represents the force between the two bodies ¢, g,
the charges and R the distance in centimetres between them.
Introduction of a constant in the equation gives F = a gL%%
a - being a constant depending on the medium separating th:i

two bodies., The reciprocal of a is known as tue dielectrie
constant, In future it will be referred to as E. For the
purpose of relative measurement air is taken as unity and
all other substances are expressed relative to air. The gen-

eral equation thus becomes F = 1

99,
E R*?
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Capacity and its relationship to H.

It is a well known fact in electrostatics that the
potential produced inside a spherical conductor by a given
cherge varies with the size of the conductor. It can also
be shown experimentally that if the same charge be given to
two conductors differing in size different potentials result.
These facts are expressed by saying that different conductors
have different capacities. The quantity of electricity &
given to a conductor is proportioned to the potential
VugQe<Vor = CV, that is the ratio of the ¢uantity of
electricity to the potential is a constant for a conductor of
any given dimensions. The constant C is called the capacity
of thne conductor.

In order to measure & capacity a condenser is used. Its
principle is best understood from the following considerations
sunpose a metal plate be charged to a2 positive potential V.
If another insulated plate be brought into the immediate
vicinity of the charged one inductive displacenent takes

place, i.e. the side of the insulzted nlate next to the charge

one assumes a negative charge and the other side a positive
charge. The effect on these induced charges act in the
follcwing way on the charged plate. The induced negative
reduces the charge on the charged plate, the positive in-
creases it. The positive, however, is further away than the
negative i.e. (the thickness of the plate). The ultimate
effect, therefore, is to slightly reduce the potential of
the charged conductor. If the insulated plate now be
grounded the positive potential is removed and the effect is

to considerably weaken the potential, Using the formula 8=2C
v

it is evident as V decreases C increases., It is evident then
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that the capacity of a charged plate is increased DYy bringing
a. grounded plate in close proximity. Such a systeii is Kknown
as a condenser,

Assume that a condenser has a capacity of C units in air.
If it is immersed in a medium of dielectric E tic cotential
vill be 1 of what is in air, that is the capacity becomes:
E times ghat’is was before. The actual mathematical relat-
ionship for the connection beiween capacity snd dielectric
constant can be obtsined for the simple case of a two plate
condenser in the following way. Imagine a closed cylindri-
cal surface the ends of which lie on opposite sides of 2
charged vlane. It can be shown that at any point infinitely
close to the charged nlane the force in the surfrce equals

P, where P - surface density. If tne velue of the diel-

ectric constant is E F = 24P
E

If two parallel plates A sg.cm. in area d.cm. zpart
have a surface density charge P on one nlate - P is induced on
the other. A positive unit will be repelled oy one plate by
a force 24[2 and attracted to the other by'gglg* The
total forcehacting then becomes 4P . The wo£§ done in
carrying the charge from the positige to the negative plate =

F x distance - 4P x d = potential by definiticn, Now C =

E
] AQ - EA For =air C = A E =1
V = 4mPd am a AIT
E

For medium C = BEA
4md

. o« Cmedium - E i, e. the ratio of the canacity of a
C air
condenser under the two outlined conditions gives the dielec-

tric constant of the mediunm,
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A brief discussion has been given of the relation-
ship between capacity and dielectric constant. The Kinetic
interpretation of the latter will now be discusSed.

The Kinetic Interpretation of the Dielectric Constant,

This interpretation so beautifully worked out by Debye
gives us both a mental picture and a mathematical idea of
polarity, in terms of the dieleciric constant. In order
to appreciate how this is s2ccomplished both the (ualitative
and cuantitative aspect of the nroblem vwill be considered,

(a) Thne Qualitative aspect of the »nroblem,

This is best understood by developing ideas concerning
the refractive index of a substance. In 1lcbc-63 Gladstone
and Dale and Landolt showed thet N-1 - constant which was
characteristic of ¢ substance N = rifractive index and d =
density of the substance., It vias found however that the con-
stant varied with the state of aggregation 2nd was not eppli-
ceble to mixtures, In 1lccO Lorenz in Copenhagen and Lorentz

-~

in Dryden deduced on a sound theoretical basis the well knowm
\\__\_‘/

Lorenz-Lorentz ecuation. i.e. N°- 1 M - (Specific refraction
N2s 2 d (of a substance.

In order to fully appreciate the upplication of this equation
the relationship of the dielectric constant to polarity it is
necessary to show how the Lorenz-Lorentz eguation was obtained
To do this the essumption is made that the molecules are
spherical, electrical conductors, If these molecules are
placed in an electric field the centres of gravity of positive
and negative electricity (present in equal amounts) will be
shifted from the centre of the sphere @1 d result in induced
electrical dipoles., Such dipoles will act to reduce the
chargé on the bodies producing the field and in this way we

can account for the dielectric constant, The definition of
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the dielectric constant of a molecule is the extent to
which a molecule due to its induced dipoles diminishes the
force betweenvthe charged bal.ies producing the field, rel-
ative to air taken as unity.

Clausius developed a relationship between the fraction
of the volume of a substance occupied by the molecules to the
dielectric constant. He found that B = lr2u Where E =
dielectric constant and u = volume of m%léczles. A simple
algebraic transposition of the previous equation gives where
a gram molecule M and density d is under consideration ,

E -1 M This cuantity is called P, and represents the

E + 2 d
polarisability of the molecule.

In Clerk Maxwell 's electromagnetic theory of light it
has been shown that for infinitely long waves the scuare of
the refractive index is equivalent to the dielectric constant.
Therefore if we substitute N?* for E in the Cleausius equation
ve have N2 1 M =P, This is the Lorenz-Lorentz
N%r 2 d
ecuation previously referred to. For purposes of comparison

the two eqguations msy be written down.

(1) E-1 M =%, (2) ¥*-1 u =rp,
E+2 a N~ 2 4

Llathematically the two ecuations must be identical if Nz = B
but strange enough although (2) is valid for all substances
(1) is not. At first the reason was assumed to be that the
Maxwellian relationship was 1in error, a supposition, however,
that proved to be incorrect., The reason for the inapplicabil-
ity of equation (1) was left to the genius of Debye. /3

To understand Debye's reasoning one must reconsider the

Clausius equation. As stated before there is a quantity U

representing the actual space occupiec by a molecule. The



equation of Van der Waal's contains a guantity b also
related to the volume of the molecules, b from critical

data = Ve . Ve represents the critical volume. Db is also
3 :
four times the actual volume of the molecules = 4F, .. F, =

5 ..P= 1 RTc

Ve, It is also known that Pc Ve

12 R Tc 8 32  pc
where R is the gas constant Tc = the critical temperature
and p; the critical pressure.

Evidently two methods are available to calculate the
polarisability of a molecule 1.e. critical datas and dielec-
tric constant data.

Debye then calculated the values of the polarisability
from the two sets of data. He computed P for O, Hy and NHg ,

by the two methods. They gave the folloﬂ/ng result:

Gas Pofrom E Pgofrom criﬂiééiudata
H, 2.04 4,98
o% Two values given 4,05 6,20
to show
0) error in results. 4,05 7. 5%
NHg 63.0 9.952

One thing is to be noted, that although values of P agree for
Hydrogen and Oxygen the order of magnitude is different for
Ammonia., Why?

The polarisability of a compound ought to be the sum
of the values of the consiituent atoms, P for ammonia as
calculated from its constituent atoms equals 5.22 CH while
for the compound itself it comes out to be 63.0 CN? Finally
P,ought to be independent of the temperature. We find, ﬁhat
for ammonia it changes according to the following figures:

Temperature P

292.2 07.57
309.0 05,01



Temperature Po
333,0 51.22
3687.0 44,99
413.0 42,01
446,0 59.59
44¢,0 39.90

Debye had the following facts at his disposal:

(1) For some substances Pscalculated from dielectric
constant data was much larger than from critical data.

(2) The additive Poas calculated from the constituent atoms
was much smaller than for the compound itself composed
of the atom,

(3) In some cases the P,was considerably cmaller at higher
temperatures. ’

What conception would account for these facts? Debye came to
the conclusion that the only theory consistent with these facts
was to assume that in those molecules which showed the &above
abnormal properties permanent dipoles exist, i.e. - under
ordinary conditions some molecules have their electrical
charges segregated. It will now be considered how this con-
ception agrees with observed facts.

(L) In the Clausius ecuation the assum-tion was made that any
polarity possessed by a molecule was an induced one, If,
hovever, the moleculé already possesses a dipole apart
from the induced one, then the dielectric o nstant as
measured will be equivalent to the induced dipole plus

the permanent. E,as calculated will be too large.

—
QO
p—g

Any constituent atom may have no permanent moment but-
the combination of such atoms may lead to one. This

will lead to the expression sum of induced polarisability
of atoms equal polarisability of molecule plus pPermanent

polarisability.
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(3) The molecules will act lie little megnets and will on
the average orientate themselves in a definite fashion.

Increase in temperature will increase the random motions

of the moleanles and the probability of the dipoles

occupying & mean position in preference to any other
becomes less as the number of collisions increase. The
effect they exert will therefore decreasé witn rise in
teiwerature,

One other cuestion might be taken up in this comnnection,
why, for most substances, are the values of E,calculated from
refractive index mezsurements nicely adcitive? It must be
remembered that these measurcients cre made at extremely high
frequences viz - that of light. TUnder these conditions the
permanent moment does not get an opportunity to orientate
itself the way it does when dielectric constant measurements
are madé. This is due to the fact that the oscillations
pass through the liguid in question so rapldly that the di-
poles are unaffected.

Quantitative Considerations of the Polarity of a Iolecule and

its Dielectric Constant.

Let a free space be considered under the influence of
an electric field H. TUpon placing matter in this field it
assumes some new value D, The increased number of lines of

force resulting from the action of the matter placed in the

field may be considered as coming from the two ends of the

——

volume., ZEach unit volume then contributes I 4P new lines
of force . . D= H+4/7TP for any one molecule. This con-
sideration rezlly applies to continuous medium. Rach molecule

however being surrounded by meny others is influenced by its

neighbours., When, therefore, the influence of the outer
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field is considered on any particular molecule the effect
of the surrounding ones must be taken into considerction.
This effect has been called by Debye the inner field and
is denoted by ¥. F = H 4+ 4m? vhere the fraction 1
be considered as the effect5along one axis. The aveia

may
ge
moment of a molecule is given 2s m=b r.

1f there are Z molecules in unit mess and the density

is d then P = 2d m = adbor,

AS i F = Hpd@ P . . Pz 2ab(H 47P) or P = 2db__ H
3 3 1-4madb
3
Now P = K H where XK = electiric susceptibility of the molecule.
« . K = 2Z2db Also by definitieon D = E H vwhere & =T
1- 41T 2db
3 .

dielectric constant. . , I = 1+ 47K - since D = E (1+4ﬂK).

. « algebraically E - 1 = 4mdzbv
E - 40- 4 3
s
AT
3

or B - 1 = éﬂ”dzb.
B 4+ 2 - 3

If b the polarisability is a constsnt, then B - 1 X
: E +2
stant. If, however, the value varies with teumpe rature then it

1l a con-
d

has to be assumed the polarisability varies i.,e. 1l is a
function of the temperature and led Debye to assume molecular
dipoles, To obtain the Lorenz-Lorentz equation put Nz'r B

then M Nz'- 1 = 47 b XNAi.,e. NA-avogadfcs Number=Mz

d N*+ 2 ' 3
It has been mentioned that P in certain cases varies with the
temperature. Debye, therefore, attempted to find the cause
of the variation of "“b",. If it be assumed that the dielec-
tric omnstant has another origin besides the induced dipoles
the problem appeared capable of solution, Two types of

action were then assumed., There is the usuval separation of

charges expressed quantitatively in the Clausius -Mosotti Law,
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In some molecules fixed dipoles also exist which tend to set

themselves parallel to the field. This'orientation is to
some extent d#stroyed by thermal agitation but for any tem-
perature they will on the average assume some definite pos-
ition, Their effectiveness however will continually decrease
with rise in temperature, Since the magnitude of the dielec-
tric constant is a function of the orientation of the dipoles
it also will show a decrease viith temperature.

To compute the temperature effect all that is required
is to assume the molecules possess a fixXed moment/u.uThe
classical kinetic theory allows us to assume that the potenti-
al energy of these dipoles will be in equiiibrium ﬁith the
kinetic energy of the molecules, For a field F and electrical
moment m, m F = Potentisl energy = u Fesd€ vwhere & is
the angle between m and F for any given temperature, There-
fore - m F = - u Flewé: The moments for all the different
angles © can assume can be averaged according to their prob-

-
-

ability of appearance. It is found on this basis that

‘/
p F where K is 1,37 x 10 é
3KT T is the absolute temperature.

ST |

- 2~ - .
or m = M Ior a single molecule.
F KT .
For those molecules Where/u)> o, M
3KT

must be added to the polarisabilit; as obtained from the

Clausius Mosotti Law, The final equation then becomes

B, = 47 XNg (D .;./4") Where P, is measured from refractive
3 3KT)

index data/u = 0.

EXperimental Verification of the Theory.

P, =47 Na (Db,l m2)
3 3 "3KT)

Let C = 4w NADb
3

Let a - 4mNAu*
9 KT
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=

Then Po'l‘ = a+c T = E-

MoT.
B+ 2 d

Plotting P, T against T a straight line should be
obtained. An example of the use of this equation in cal-

culating/u for water will be dealt with later.

Association. s4f

In the widest sense of the term, association embraces
the whole of the phenomena of chemistry and physics. The
smallest chemical unit is made up, according to our modern
views, of association of electrons the number and arrangement
of which give specific properties to any given atomic species.

The molecule of an elementary substance may vary in coi-
vlexity from the simplest possible cheracter like that of the
rare gases to that of great complexity as we find in sulphur.
Molecules of compounds likewise are associocted which may be
split up into simple molecules under the action of certain
forces such as heat, electrical stress and solvent action,

Instances of molecular association were observed guite
early in the development of modern atomic and moleculaxr
theories, The vapour density determinations of Dumas and
Mitscherlich coupled with Cannizarro's interpretation even-
tually proved that many gaseous molecules were not elementary;
while later work was proceeding on gases Raoult was concerned
with solutions investigating the relationship of molecular
weight to tle lowering of freezing point and vapour pressure.
This led eventually to the extension of the simple gas laws
to dilute solution by Van't Hoff, Anomalies were soon ob-
served for two distinct classes of substances viz., those that
lovered the freezing point to 2 greater extent than the

calculated value and those that did the reverse., If the for-
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mer case be due to dissociation the latter must be consid-

ered as resulting from association.

Molecular Complexity in the Liquid State & Physical Properties

The determination of the molecular state of matter other
than the highly diluted, is attended by many difficulties. Al-
though in theory Avogadfo*s hypothesis can be applied to
gases and very dilute solutions, @&ll methods available for
the ligquid state must be classed as empirical., All one is
capable of doing at the present time is to institute a com-
parison of the molecular properties of different liquids.,
Generally it is found that the molecular property of a liguia
is additive, i.e. depends on the nature of the substance.

A large number of equations have been used connecting
the molecular weight of a substance with some specific phys-
ical property of a liquid. As an example, take Trodton?'s
rule M1 = Kt where M = Molecular weight, 1 = heat of vapor-
ization T = absolute temperature and K a constant., As a resut
of the application of this simple rule leading to many
exceptions we divide liguids into two general classes - viz.
normal and associated liquids.

Evidence is also obtained from (a) vapour pressure data
(b) boiling point date (c) critical data (d) dielectric
constant.

(a) TUsually a substance non-associatea is very volatile.

The effect of molecular association is made evident from Van
der Weal's equation, viz log p - log pec= k Tec - T

where Tc and pc renresent criticsl temperature ang pressure
and T the tempnerature at which p is required. In such a case
k is not a constant for a large number of liquids usually

exceeding a value 3.06.
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(b) If the vapour pressure is diminished by an
increased state of aggregation of the molecule
obviously the boiling point is raised. Actually
it has been demonstrated that the mass of the
molecuié is at least gqualitatively related to its
boiling point.

(c) The determination of the value of the
critical co-efficient is a criterion of the con-
dition of a molecular species. Already it has

. c
been mentioned that —ES VO _ — 3/8 and also that the molecular

R Tc
refraction MR equals Xg —

Therefore pc 12 MR equals 3/8
R Tc

or Tc equals l ¥R.

pc k
A number of normal substances have a value of K =n, 1.8
others about 1.1. This method though valuable is

mixx limited to the ease with which critical data can
be obtained for a given substance.

The simplest method probably known for determining
in an approximately quantitative way the state of
aggregation of a substance comes from the Ramsay and

Shield's constant. This method stated briefly
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depends on the measurement of the temperature co-

efficient of surface energy.

d()\(g-fs )

dt

= Constant

M Dbeing the
molecular weight A the surface tension and D the
density. The aésumption is made that the molecules
in the surface of the liquid are RR=® representative
of the whole body of the liquid. This assumption
sometimes leads to absurd results. Rather it would
be correct to say that this constant allows one to
classify liquids under two general headings, normal

and abnormal.

Degree of Association and Dielectric Constant

of a liquid -- Polarity.

From thé physical properties already discussed
it is evident that there is justification in consid-
ering liquids to belong to one of two classes, i.e.,
normael or abnormal. The justification however lies
only in experimental facts, but no reason for such
behaviour is to be found in the constants already
considered. The purpose of this section is to at-

tempt to show why mxXyx one should expect to find these

two types of liquids.
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To do this it seems in place to briefly re-
view the meaning of the dielectric constant so far
as its significance in physical chemistry is con-
cerned. Briefly then the capacity of a dielectric
liguid depends on the type of molecule with which one
is @deadingec. If the electrical charges in the
mclecule are permanently segregated a polar molecule
results. The rotation or extension and orientation
in the presence of a field increases the capacity of
the condenser so that polarity and dielectric constant
are for purposes of chemistry closely related terms,
i.e. the magnitude of the dielectric constant indicates
the moment of the polar grours and the moment in turn
on the charge and distance between the dipoles of the
liquid.

Now just as with the other physical properties,
two clagses of liquids aprear to exist, i.e., those
possessing low dielectric constants on the one hand
and high on the other. 1Instead of calling these
liguids normal and abnormal, they are called non-polar
and polar because as indicated above the higher the
dielectric constaht the more polar is the molecule.

It can be shown that a relationship is to be expected
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between the state of aggregation of a substance and its
electrical properties.

On the whole, substances which have been found to be
strongly associated usually have high dielectric constants.
It must be remembered however the converse of the above
proposition is not necessarily true. In the absence of a
very reliable method for determining the degree of asso-
ciation of any 1liquid, the Ramsay and Shields constant
has been employed. A number of compounds, association

factor and dielectric constant are listed below.

Substance Association Factor Dielectric Constant

Formamide 6.2 84

Water 3.8 84.4
Formic Acid 3.6 58.0
Ethyl Alcohol 2.7 26.

Acetqne 1.3 21.2
Carbon Tetrachloride 1.0 2. 25
Benzene 1.0 2.3
Ether 1.0 4.3
Nitrobenzene 1.0 35.5

The only outstanding exception in the above table is

that of nitrobenzene. It assotiation factor is unity and

yet it possesses a high dielectric constant.

Generally however, the above table serves to 1ndicate
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a connection between the magnitude of the dielectric con-
stant and association.
It 1is reasonable to conclude that polar molecules
having strong fields of force unite to form larger ag-
gregates by mx neutralizing those of a like molecular
species.
A high dielectric constant is evidence that the fields
of force around a molecule are large and tend to gi#e rise to as-

sociation.

The molecular condition of a ligquid dissolved in

polar and non-polar solvent.

If a polar liquid is dissolved in a non-polar one,

the polar ligquid will tend to unite with itself in prefer-
ence to the non-polar solvent. One may expect it to be

associated. If the same liquid is dissolved in a polar
solvent, the chances of the solute remaining in a simple
molecular condition are large, because three forces almost
equal are at work, i.e., those between the solvent,-
solvent, solvent-solute, and solute-solute and the pre-
dominance of any one is limited, depending on the specific

characters of the components. As mentioned in section I

of this thesis, these considerations appeared to be satis-
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factory to explain the system hydrogen peroxide, ether, water.
In summing up, the =Er=® conception of association a

combination of like molecular species 1s an electrical

property of the molecule due to segregated elertrical

charges which in turn give rise to fields of force pre-

dominant in determining the combining power of the molecule

with itself.

Polarity and Chemical Nature , g

In the preceding section the relationship between
polarity and some physical constants has been discussed
with special reference to the dielectric constant. 1In
this case it will be shown what types of molecules from

a purely chemical point of view exhiblt polarity.

(&) The polarity of groups or radicles
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In many cases the introduction of a certain type of
group to a molecule introduces decided polarity to the
molecule as a whole. A hydroxyl group attached to
alkyl residues, giving rise to alcohol, is an excellent
example. It is found that the size of the relatively

non-polar alkyl residue decreases the magnitude of the
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dielectric constant on passing from the lower to the
higher alcohols. Thus methyl, ethyl, propyl and amyl
alcohols have dielsctric constants 32, 25, 22, and 16
respectively, which means &xxm as the size of the alkyl
residue increases less leverage is exerted to orientate
the molecule in a definite direction in preference to
‘any other.

(b) The Symmetry of the molecule

Usually the nitro group is polar as in nitromethane
and nitro-benzene, but in tetranitromethane such is not
the case, the dielectric constant being 2.1 as compared
to 40 for nitromethane and 36 for nitro-beniene.

In the case therefore of tetranitromethane the polar
groups evidently balance each other due to a symmetrical
arrangement of the groups.

Again halogen derivatives of benzene can be taken
as examples, i.e., Chloro, bromo, and iodo-benzene.

In passing from chlorine to iodine, the electro positive
character of the elements increase and it is found that
the dielectric constants of the three compounds are 11,

5.2 and 4.6. The introduction of an electropositive
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element would appear to decrease the dielectric constant.

The same is true in many instances.

(¢c) Catalysis, Orientation, and addition Compounds.

Although Baker's work on intensive drying is in
some cases open to criticism, yet it is generally con-
ceded that small traces of water vapour do profoundly af-
fect the veloclty of a chemical reaction. For this pur-
pose it may be assumed that the velocitj of a reaction
is dependent on three things, the number of collisions,
the intensity of the impact and time the molecules re-
main in contact after collision. It appears likely the
last condition is linked up with the influence of the
catalyst, because the few fields of force surrounding
the water molecule will be able to hold the colliding
molecules long enough together to cause a union to take
place, i.e., the water prevents an approximation to a
perfectly elastic collision between the reacting molecules.
This idea is further substantiated by the large number of
hydrates known to be formed and that in general strongly
additive properties are linked up with high polarity.

It is not the intention to deal fully with the

phenomenon of orientation in liquid surfaces, or liquid
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crystals. All that 1s necessary to remark here, is
that the only logical explanation of the phenomenon
seerms to be that where the proper physical and chemical
conditions exist the electrical and magnetic properties

of molecules make tnemselves evident.

The modern concspt of Valence and polarity /¢
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Debye's theory of dielectric constants already
discussed makes 1t evident that molecules possessing
permanent dipoles ought to exist. Dielectric constant
determinations have confirmed tnis point of view and
tne other physical properties briefly reviewed, show
that polar and non-polar was a logical classification.
Fpom & historical point of view the problem is similar
to the application of the dualistic theory of Berzelius
to the substitution of chlorine into acetic acid.

Two types of linkages are evidently required, one
ionizable and due to electrostatic attraction, the
other non-ionizable. This non-icnizable linkage may
take one of two forms so that actually for convenience,
three types of linkage are recognized.

In general then chemical evidence polnts to three
types of linkage of atoms in a molecule.

(1) Polar linkages of Kossel.
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(2) Non-polar linkages of Lewis.
(3) Co=-ordinate linkages of Werner.

Kossel pointed out that any element immediately preceding
an inert gas 1s strongly electronegative and one following
strongly electropositive. We can interpret this to mean
that electronegative elements tend to take up electrons
and electropositive to give up electrons in their striving
to obtain stable configuration of a rare gas. A linkage
then between strongly electropositive and electronegative
elements results in a shift of electrons so that as a
result the electrical charges are so to speak segregated.
The exteht of this segregation is indicated by the dielec-
tric constant. A liquid then possessing at least one
electro-valence will show polarity.

Kossel'!s point of view is hard to realize in the
case of like atoms forming molecules. Thus most gases
form under ordinary conditlons atomic complexes called
molecules. The dielectric constants of many of these gases
is very small and further we should not expect two like atoms
to give and take electrons. Lewis made the suggestion the
molecule is due not to shifting but rather to a simple sharing
of the electrons each atom making use of the other to form a

configuration similar to that of a rare gas. The type of
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molecule so obtained will be non-polar.

There is however a second aspect to the idea of sharing.
Normally each atom concerned shares with its neighbour, as
described above. This sharing can also be considered due to
one of the atoms sharing both with its neighbour. This is
called co-ordinate co-valency.

Due to the position of carbon in the periodic table
it has neither pronounced electropositive or electronegative
characteristics, i.e., it as readily gives as takes electrons.
As a result carbon exhibits either electro valence or co-valence
or both in a given compound. If all the groups are attached
by sharing as in simple hydrocarbon chains then the polarity
of such a compound may be negligible. The paraffins are an
example. If on the other hand one group is introduced such
as QOH, NO2 etc., then this group may be assumed to result
in an actual shift (in many cases) of an electron and the
degree of this shift is qualitatively measured by the dielectric
constant. This view is substantiated in the case of either
Alkyl or aryl - monohalogen derivatives when the halogen
ability to take up electrons decreases as we pass from the
chlorine to wwax iodine as previously mentioned.

A polar molecule nay now be described as follows:

(1) The polarizability of its constituent atoms is not

additive.



-26-

(2) The dielectric constant decreases with the
temperature.

(3) At least one group must have an electrovalence
linkage.

(4) It leads to a complex state of aggregation.



07 -

Experimental lMethod for the Measurement of Bielectric

Constants.

Ristorical.

Probably the earliest method of investigation

was that employed by Faraday. He used two condensers

of equal dimensions. In one the medium was air and in

the other the substance whose dielectric constsnt was

to be measured. The diagram and a brief explanation

will make the method clear.

A and B are two condensers of capacities. C,and 02; D

is a convenient battery, K a quadrant electrometer,

M, M2 Mz are keys. It will be noted one pair of quadrants,
one terminal of the battery and one plate of each condenser
ate earthed at G. If G denote the charge on A alone

Q = q.‘z. in the second case Q = (C, plus Gg) Vg

If d,and dgo are the electrometer deflections then C, =d 2

Co d,-d2
This ratio will measure the dielectric of the substance.

In dealing with liquids Hopkinson used a sliding
cylindrical condenser whose capacity for various settings
was accurately knogn. Instead of using two condensers and
different deflections, the condenser was ad justed for air,

then the liquid introduced and value of the capacity altered
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Quadrant Electrometer Method for measurement of dielectric
constants.

A and B are two condensers of capacities C1 and C2 K; and K,
are switches. D is a battery. E Electirometer. G the

earth connectinon.
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to give the same deflection as previously. The ratio
of the capacities for the same deflection gave E.

Silow's methoe consisted in keeping the}potentials
constant and ﬁeasuang the actual force in,@jnes bétween
two eenductors first in air and then in the liquid in
question. A quadrant electrometer was used as in the
above to measure potential.

Arons and Coh? modified Silow's method by substituting
an altertening curéznt for the direct. They were able to
measure any 1liquid including water quite satisfactorily.

Among the more modern methods may be included that
of Nernse’,which represents the best known capacity method.
The capacity of a cell both with air and the dielectric
is balanced in one arm of a Wheatstone bridge, against a
known capacity in the other arm. The source of electrical
energy isjgscillator very similar to that used in conduc-
tivity methods. 1In order to obviate errors due to slight
conéuctance of the medium the standard condenser is
shunted by a variable resistance whose value is made the
same as the liquid. The cell used is of a simple two
plate variety and usually standardized by some substance

whose value is accurately known.

Drude's method has been extensively used and merits

‘9
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consideration. Use is made of standing waves from a
“Tesla coll in a pair of parallel conductors. The included
diagram will help to make the idea more intelligible.
Suppose the wire bridges E F to be a node and second

wire bridge G H to be moved along the wires until it
occupies the position of the next node . A Geissler tube
conveniently connected will indicate the position. The
distance between the two bridges is one half wave-length

so that the wave length in air is found. If a liquid

now surrounds the wires, the wave length can also be

determined. The xzXpBE refractive index N equals W,

W2
where W, and W2 are the wave lengths 1in air and the
2
. . 2 (W1)
liquid , since N< equals E E equals =m=s
(W)

The resonance method for the measurement of Capacity.

- e W oar - Sm e w> en -

This represents another example of the use of the
capacity method. If one has a means of comparing the
capacity of a condenser having some substance between
its plates with its capacity when air is used as a
dielectric, the constant can readily be calculated.

The method of measurement is best understood
through the following consideration and diagram. If
the condenser AB charged to a potential by means of a

battery 1is allowed to discharge through a coil L
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Drude's -ethod for determining dielectric constants.
T represents a Tesla coil

A & B metal plates

Y parallel conductors

F position of first node

H position of second node

Q E e
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Diagrammatic representation of an oscillator

A and B are two plates of a condenser
L is an inductance.
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electrons from the negatively charged plate A flow

through the coil L to the plate B. The current of electrons
does not stop flowing when A and B have reached the con-
dition of equal potential, for when the stream of electrons
begins to show up as a result of falling potential differ-
ence between A and B the electromagnetic field generated

in L tends to keep it in motion, and as a consequence plate
A continues to lose electrons and becomes positively
charged and B assumes a negative one. Discharge then oc-
curs in the opposite direction so that the electrons swing
back and forth through the circuit from plate to plate

very much like a moving pendulum, until the electrical
energy is dissépated as heat in overcoming the resistance
in the circuit. The freguency of this oscillation depends
upon the capacity of the condenser and the inductance or

number of turns on the coil I as shown by the equation.
/
N = AL

27 = frequency. ‘4 = Inductance C = Capacity.
This equation is valid if the resistance of the circuit is
small.

In the resonance method a vacuum tube supplies the energy
to keep the circuit continually producing electromagnetic

waves of a frequency depending on the above named factors.
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Obviously if one of the factors governing the period
of oscillation be fixed then N will be directly propor-
tional to the variable one. In this case the Inductance
has a fixed value and any change in frequency is determined
by the capacity in the circuit.

Suppose now two such oscillations as described above
with the same inductances produce simultaneously electro-
magnetic waves. If the capacity in one be C, the other

@y, then &',\equals K
C1

No equals K

Co
If X differs from Ny, by a small amount, C; and C, also differ
to the same degree, and ultimately 1if C 1 and 02 are made
equal N, and No are equal.

For purpcses of explanation as to what happens under
these conditions an analogy in acoustics may be used. Take
two tuning forks which will vibrate at 256 per second and
load one of them with a smell amount of sealing wax, thereby
altering slightly the frequency of one from its normal value.
Upon setting these two forks vibrating, beats are heard and
the number per second indicates how much difference in fre-
quency exists between the two.

If N; differs from Np Dby a small amount, the two

electromagnetic waves will also produce beats, but they
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of course havs to be detected by a pair of telephones.
An approximation to complete resonance results when the
frequency of the beats is too low to be heard. If
instead of using even a variable condenser in one
oscillator, both the inductance and capacity be fixed,
then the relative capacity at the null point in the other
oscillator can be accurately determined.

The apparatus used can be considered as made up of a
fixed ﬁiﬁiiiiﬁgﬁn or receiver and a variable oscillator

In thes circuit of the latter, in parallel with a
tuning condenser a cell is connected for the determination
of the dielectric constants of various liquids. 1In use
the variable oscillator is brought to resonance - the
capacity reading is C, the cell 1s connected, the capacity
reading is C2 for resonance. Therefore C; - Cg equals =®x
capacity of the cell. Having given a general survey, the
details of the oscillators and the method of measurement
will be dealt with.

Two Hartley oscillators were employed because of the
steadiness of operation and simplicity of construction.
A wiring diagram of the oscillators is included. The
inductances consisted of 75 turn honeycomb coils. A tap

taken off at 50 turns was connected to

the filament lead. Each of these inductances were shunted
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Wiring diagram of oscillators used in resonance
method for dielectiric constant measurements.

A

Be.

Variablie oscillator

J. Series condenser to reduce effects of conductivity
E. Tuning condenser

C. Honey Comb coil

H. Vacuum Tube - Radioctron 317 A

F. Choke Coil

‘Fixed Oscillator

D. Honey Comb coils
G. Phones
L. UV 199 Radiotreon
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by a variable air condenser. 1In the case of the
variable dscillator, the condenser was a General Radio
type used in wavemeters. 1In order to increase the ac-
curacy of the readings, a mirror was mounted vertically
at the centre of the dial, so that the dial setting of
the condenser could be read by reflected light on a
circular scale about 4 feet in diameter, the scale being
graduated in millimeters. This type of condenser was
supplied with a Verndercontrol. The small composition
knob of it was removed and a 1" pulley substituted. By
means of a cord belt and another pulley 5 feet distant,
it was possible to tune the condenser without being
sufficiently close to introduce body capacity effects.

In the plate circuit a choke coil was inserted
to act as an impedance. It consisted of a bundle of
iron wires with a large number of turns of No.34 silk
covered wire. This served to prevent the passage of the
radio frequency currents through the plate circuit.

The fixed oscillator inductance was shunted with a
variable condenser whose capacity could be varied to
sult the measurement but it was always fixed at a defi-
nite value for any one measurement; The telephones

used to indicate resonance occupy the same position as
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the choke coil in the other oscillator and has an-
impedance of about 2000 ohms.

As to the vacuum tubes employed the 217A Radlatron
was found excellent for the circuit in which the cell
was connected. In this circuit the osciliations have
to be forced through}substances which show a tendency
to absorb and also conduct. If the oscillations are
to be intense and steady, considerable power is required.
The 217A tube works satisfactorily at from 90-135 volss,,
on the plate and 6 volts on the plate filament. Even
however with certain substances like water, it was
found best to place a capacity in series with the variable
condenser. Just exactly how such a condenser functions
it is difficult to say with certainty, but at any rate
it allows an accurate measurement to be made on sub-

5
stances whose specific conductivity reach a value of 10~ .

In the fixed oscillator or receiver aW.V.1%Y9 Radiotron
was successfully used. This requires only a very small
filament current and 45 volts on the plate. The success
of the method was found to depend very largely on the
proper construction of a cell. The ordinary type of two
fixed plates has disadvantages, one of the most important
being the "capacity lead effects". The cell to be des-

eribed was constructed on the principle of a variable
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condenser and could be immersed $n the liquid, the
container of the liquid acting as a support for the
cell.

The Cell

According to the description already given, it
would not seem possible to bring the receiver in
resonance by means of the tuning condenser, note the
reading, connect in the cell and again take the read-
ing. The difference between these values giving the
capacity of the cell - The leads however connecting
the cell to the condenser have capacity and these
must be corrected for. Rather than attempt to make
this correction the lead capacity was eliminated.

The cell: consisted of two sets of semi-circular plates.
One set are fixed and are called the stator plates,
and are bolted by means of brass rods to an insulating
frame of hard rubber. The other set known as the
rotor, are fitted to a brass axle, the position of the
axle being so adjusted that they will mesh with the
stator plates without touching them. 1In order to en-
sure relatively the same position for the two sets
of gx plates, the axle supporting the rotor ones passes

through two bearings, one through the insulating frame,
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the other a short distance above the plates. The
latter was attached to, but insulated from the brass
rods, as indicated on the diagram. A Vernier dial
was fixed to the brass axle. This dial owing to its
peculiar construction was capable of rightly fixing
the vertical position of the rotor plates and at the
same time provided a meang- of setting the plates at
a definite capacity value. The liquid to be measured
was placed in a container and the plates of the cell
immersed in it; a 1id fastened to the insulating frame
held it in position.

This type of cell removed any capacity lead ef-
fect. Ih actual use, 1t was permanently connected
in the circuit and set at a definite value as indicated
by the dial reading. Tuning of the variable condenser
brought the receiver to resonance and the reading was

noted.

Operation of Oscillators

In operation, the oscillators are started by
lighting the Rim filaments of the vacuum tubes. The
condenser of R 1is set at an appropriate value.
Radio frequency oscillations are then picked;up by

tuning the variable condenser in oscillator H  and



the beat notes heard in the telephones. The whistle
[ ]
ferst heard is represented diagramatically by the

following insert;-

PITCH OF NOTE

NON AUDIBLE
RANGE

CONDENSER - SETTING

The pitch of the note is plotted as co-ordinates

the condenser sitting as abscissae - A point A is
reached when the note is of too low a frequency to

be audible. On either side of A the pitch gradually

increeses in equal intensity to a condition where it



is too high to be audible. A condition of resonance
is reached at A.

This condition of resonance can be almost exactly
realized if the following factors are taken into ac-
count: -

(1) The fixed oscillator oscillates at one fre-
quency only, during a measurement.

(2) The receiver is sufficiently well constructed
to give sharp tuning. Each of these points may now be
considered in detail. In the first case, vibration
must be negligible so that the wiring and coils will
not alter their relative positions. Tlave lengths which
are either multiples or sub-multiples of the natural
period of oscillation are called harmonies and rust be
avoided especially if one at least of the harmonies

has a comparable intensity to the fundamental wave.

Body capacity effects must be eliminated by operating
the tuning at a distance of three or four feet from
the cscillator.

In the second case the most important factor is
the use of well made apparatus. Pocr insulation is

the source of most of the trouble to be encountered
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in this connection.

Calculation of the Dielectric Constant

For purposes of argument, 1t may be assumed
that the capacity of the variable condenser is equal
to the area of the rotor which 1s meshed with the
stator plus some constant related to the end effect

in the condenser., If the dielectric is air then for

two sedtings.

: _ A A= dria /;22420
C A, + o od g

C,’ = A+ AR
. , /|
.. e = A-A

If the dielectric has a value E, then

CZT -Cz = 5@/‘/%/

The principle is made clear in the following way:
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CALCULATION OF DI'ELECTEIC CONSTANT

Assume: the ulal setting is 20 and at resonance, the
variable condenser reads 60. The cell 1s now adjusted to a
dial reading of €0 and the condenser reading 30 for resonance.
A change of capacity of LO units of the cell corresponds
to 30 units of the condenser. If the substance in question
was air, then the relative capacity between setting 20 and 60
of the cell equals 30 units. Upon the substituticn of some other
substance the relative capacity between 20 and 60 becomss (0

units. For sake of clarity this can be summed up in the following

manner :
AIR: Cell Setting Condenser Setting
20 units 60 units
go 30
SUBSTANCE:
X 20 " 70 ®
60 ° 10 »
Relative capacity for X = 60
. " air = 30
... Capacity of X = 2
Capacity of air
It has ealready been shown that ¢ = FEA
for air C = K for a simple condenser
for X ¢ = EK " "
= E = dielectric constant

cﬂo
>
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The a¥®ove explanation makes it evident that the
capacity of either the cell or the tuning condenser need not
be known ir. absolute units.

THE RELATIONSHIP BETWEEN DIAL SETTING AND CAPACITY
OF A VARIABLE CONDEBSER.

Before the above method for the measurement of di-
electric constants can be used, it must be shown that a linear
relationship exists between the above quantities. In parallel
with the tuning condenser a Generali Radio Brecision Condenser
type 222 Serial #4ly was connected. The fuilowing readings

were obtainea.

Capacity in Nfd Dial Setting
Precision Condenser Variable Condenser

289 20

270 | 30

259 4o

2L£ 50

223 60

220 70

183 100

Upon plotting these valuses as the included graph shows,
a linear relationship exists bbiween 300 and 80°.A
condenser should therefore only be used between these
limits. As will subsequentiy be shown, the same appiies

to the measurements ccuacerned with the dielectric cell
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The curve showing the linear relaticnship between dial
setting and capacity in micro-micro farads of the variable
tuning condenser.



itself.

A study of any physical chemical table indicates that
the dielectric constant of various substances varies from
about unity to one hundred. It is not always practical to
directly compare the substance in question to that of zir. The
reason for this is that either the accuracy in determining air
or the substance would have to be sacrificed. Suppose it is
desired to measure the dielectiric constant of water. The

literature gives a value of about 80, vsing the simple foraula,

the capacity of the air condenser would be 7 ., Tor water,
I (ZIP th ity of the same cond 4;'
7 : e capaclity s condenser,

With water as a dielectric would be &0 times that when
alr was present. If a large enough condensser were used to give
an accurate value fTor air, the capacity of the same cell
with water woiiéd be tuc sarge to measure.

It was assumed from other experimental data that the
dielectric constant of Hydrogen peroxide would be, in all,
procably of the same order of magnitude as water, and that
it (water) would be a convenient standard to use provided
its value was accurately known. A glance through the literature
indicated that such was not the case and that e re-determination
of the vaiue was essential.

THE MEASUREJENT OF THE DIELECTRIC CONSTANT OF WATER

AND ITS CHANGE WITH TEMPERATURE.

In order to avoic the difficulty of obtaining an accurate
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value for either the capacity of the condenser in air
or water, as previously stated - "a step by step" uethod
was adoptéd. The flexibility in design ¢f the cell
allowed this to be accomplished readily. The stator
plates were held together by means of nuts and were
separated by means of washers. The capacity of such
a condenser could be conveniently altered in one or
both of two ways. Either the stator or rotor plates
covld be separat<d further apart, i.e. by a thickness
of more than one washer, or the number of stator plates
and rotor plates could be increased or decreascd in
nusber, i.e. a 3,5,7,9, etc. plate condenser
could readily be constructed. If the dielectric
congtant were small i.e. 2-10, a 7 or 9 plate condenser
could e curvenlently used and the number of plates
could be reduced to 3, according to the magnitude of
the dielectric constant.

The following scheme was ther employed:

A 9 plate condenser of the dimensions used made
possible an accurate determination of chlorbenzene
relative to &air. A 5 plate was successful in comparing

chlorbenzene tom nitrcbenzene while 3 plates served
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The *"Step-by-Sgep® method for the measurement of the
dielectric constant is illustrated by the above curves.

The ratio of the Slope I air = E for CgH.Cl
Slope 111 CGHsCl >

ratio of the slope 1lll 053501 = E for CgHg NOo
1v 05H5N02
V is used to compare CgHp NO2 with water
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to give the ratio between nitrobenzene and weter.

The vernier dizl used on the cell was accurately
divided into 100 divisions which corresponded to
180°9. Instead of merely taking a reading at 20
and moving up to say 80, resonance points were
obtained, for 20, 30, 4O, 50, €0, 70 and 80C
or whatever settings were most convenient.

The values for these settings are given in Table

I.
Table No.l.
Temp. 2506.
Air 9 Plate Condenser CpHgCL 9 plate conden-
ser
Cell Setting Readings Cell Setting Readings
20 5.90 20 11.50
30 6.80 30 16.30
110 7.70 Lo 21.60
50 8.60 50 26.80
69 9.50 61 31.80
70 10.40 70 36.40

80 11.30 80 41.30



Table #1 continued. “L5-

c¢ HS CL 5 Plate Condenser o 6H5NO2 5 Plete Condenser
20 5.20 20 11..25
30 9.80 25 19.50
Lo 10.30 30 27,70
50 12.80 35 35.50
60 15.30 Lo L43.15
70 17.90
80 20.45
Nitro Benzene 3 plate condenser Water 3 plate condenser
20 3.10 20 11.50
30 7.50 25 16.55
Lo “12.10 30 21.35
50 16.70 35 26.40
€S 2460 Jte 3i o4l
79 26.30 45 36.50
80 30.70 50 L2.00
55 L£.90
Water 3 plate condenser 0°€ Weter 3 plate condenser 50°
20 7.30 20 4.30
25 12.80 25 8.90
30 18.60 30 13.45
35 20.30 35 18.00
Lo 30.20 140 22.50
L5 35.20 L5 27.20
50 41.70 31.80

O
55 L7.1C 55 36.80
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Tablg‘ﬁ; continued.

BATER 3 plate Condenser 75°

2G 6.30
25 10.50
30 .45
35 18.80
Lo 23.00

Curves 1 and 2 represent the relative capacity of
air and chlorbenzene using a2 ¢ piate condenser; 3 and L
that of chlorbenzene and nitrobenzenre, for a 5 plate
condenser; 5 and 6 nitrobenzsne and water with a 3 plate
condenser. The values of the dielectric constants can
easily be computed for each set as in every case the
value is inversely proportional to the slope pf the
line obtained by plotting the setting of the condenser
against capacity.

Dielectric Constant of Chlorbenzene = Slope air
Slope Chlorbenzene

=5.61 - =F&

For Nitrobenzene E = Slope Chlorbenzene x 5.61
Slope nitrobenzene

= 35.20 -
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For Vatee B = Slope Nitrobenzene = 35.20
Slope Water

= 75.40

The above values are given for 25°C.

In order to check the constant for water, the value was
determined in another way. With a 5 plate condenser a

comparison was made between air and ether, with a 3 plate

between ether and water. The values are given belcw.

Table #2
Ce.l Setting Readings Cell Setting Readings
Temp. 25%6 Air Ether.
20 8.4 20 8.3
30 9.L5 ple 12.A2
Lo 10.58 Lo 17.36
50 11.7€ 50 22.38
£0 12.92 60 27.02
70 1/;.10 70 31.6l
80 15.26 80 36.12
90 16.40
E for Ether at 25° = 2.17 x1=L.oz

~5Lo
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Ether Water

20 11.40 30
30 12.14 30 12.43
Lo 12.4C Lo 21.78
50 13.08 50 30.53
€0 15.56 £C 39.33
70 iLk.05 70 48.50
80 14.55
90 15.2C

o for Water at 25° = ?égg x L.o2= 75.5

A direct comparison was also made Zstween air and
benzene, air and ether. The dielectric constant of

benzene was 2.28, that of ether .02 - at 25°C

THE TEMPERATURE COEFFICIENT OF WATLR

The value for Water ¢t 25°C has been established as 75.40.
It was interesting to see in this case what effect temperaturs
had on the dielectric constant. Using the 3 plate condenser which
gave the value for weter at 25%C, the others were cobtained at
0°¢, 15°9C 50°C and 759C. All that was necessary was to
bring the water to the required temperature and note the change

in cepacity for various dial settings at resonance. In the

seame wey as before. (See Teble I ),



The temperature coefficient of water may be
obtained from these curves.
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BE. for water at O0°C = Slope at 25° x 75.5 = 8L.
Slope at o°

I
li

Curve No.7.

E. for water at 50° = Slope at 25° x 75.L = 63.0 -

TIcpc at ¢
Curve No.8.
)
E for water at 75 = Slope at 25° p 3
ciope at 75° x 5.4 = 62.9

Carve No.5.

The curve showing the relationship between dieiectric
constznt and temperature is given. The measurements in Table 111l
are included as checks on water at 0O°C, ani t. cbtain ths

value at 15°cC.

rji"lq—'

11 !
Water Temperature 2.~

Cell Setting Readings

20 7.80

25 12.15 (slope - 1.063
30 16.95

35 21.80

Lo 26.60

Ly 31.20

Jater Tenmperature o°c

20 10.90
25 i6.10
30 21.50 Slope 9L6 -

35 27.00
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Lo 32.20
45 37.20
50 42.30 -
Dielectric Constant Water at O° © = 1.083 75,
3
= 8.7
TAELE #2
WATER TEWFTRATURC 259 C
Cell Setting Readings
2C 5.40
3C 12.05 Slope 1.475
i) 12.00
50 25.9C
£C 32.7°C
772 37.40
80 Li€.05
TEMPER\TUR™ 15°C-
20 8.€0
30 15.75
L 23.00 Slope = 1.Li50
50 30.0C
£9 37-95
70 bly.co

872 R1.70
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TEMPTRATURE ©°C

20 12.80
30, 20.£C
Lo 28.10 Slope = 1.325
50 35.40
60 LLz.80
70 50.20

Taking the dielectric constant of water at 25°C = 75.l -

Then its value at 15° = 1.475 x 75.4 = 78.5
1.H&5

at 0° = 1.475 x 75.4 = 83.5
1.335

A comparison with the values obtained by other invsstigations

is given'below:

Substance Teup °c E by E from Wave Length Author
Resonance Landofé
Method Bornstein
Tables
Benzene 25 2.28
" 18 2.288 Infinite TUrner
" 19 2.26 73 cm Drude
. 25 2.273 Tsmardi
Ether
Ether 25 .02
" 18 ly.2€8 Infinite Turner

\ o ly.68 Infinite nbegg
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(Continued)
Substance Temp. °c E.by E. from
Resonance Landott-Born- Wave Length Author
Method stein
Tables
Ghlorbenzene:
Ghlorben-
zene. 25 5.60
25 5.628 600 metres Smythe
10.8 19.95 Infinite Veley
Nitrobenzene
Nitro-
benzene 25 35.20
o° L1.0 Infinite  Abegg
15° 37.8 Infinite .
17° 3l.0 73 cm Drude
36° 35.1 Infinite abegg
2L.5 34.5 Mayder
water
250 5.4 -
¥8° 772 81.1 Infinite Turner
170 77-6 81. 50 cm. Rukiop
0 8h.l 88.2 75 cm Drude
76 Infinite Cohn & Aarons

80 . Smale
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Five of Niven'%zvalues are compared to the values
o

obtained by the resonance method.

Temp. Niven's Temp. E. by resonance
Values method

o° 90.36 0°c 8.l

7° 80.06 150C 78.5 -

33°  69.31 250C 754

58°  59.5 50°C 69.0

83°  37.97 75°C 62.9 -

Discussion of Results

In discussing the results it might be pointed out that
the wave length is gonsidered infinite if greater than 10“ cm.
In all cases where the wave length i1s expressed in cm. the
method of standing waves has been employed.

The dielectric constahts for benzene show no discrepancy
beyond that to be expected i.e. 1%. Since Smyth;lhas found no
change in the dielectric constant with the temperature, the
values as given are therefore comparable. That of I &aaedi£32:27?22
is often taken as a stendard in place of air so that the
value of 2.28 is probably accurate to 1/2 of 1%.

The agreement is not 80 perfect in the case of ether. If,

however, cne assumes the values of Turner and Abegg to be

approximately correct, then on allowing for a temperature

coefficient the value at 250 o u1d be 4.25.
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In the case of chlorbenzéne the constant of 10.95 given
by Veley is in error. Smythe's value at the same temperature
is in good agreement.

For Nitrobemzeng: all that need be remarked is that
since a direct comparison was made with chlorbenzéne (the
accurecy ofwhich is feirly well established from Smythe's
work), the value 35.2 may be considered correct.

As to water, it is to be noted that the resonance method
values éro somewhat lower on the average. However, the temper-
ature coefficient 1is so important in water that in the case
of the latter two values obtained by Cohn & Arons and Smale they
are valueless for purposes of comparison.

Niven's results for water check reasonably well for
temperature up to 25° - above this the devidtionis large. Aas
the values above 25° do not fall reasonably well on a smooth
curve, it was concluded they were inaccurate. The included
temperature curve appears to fall off rather rapidly below
25°C but is linear sbove this temperature. When this was
first obtained some doubt was felt as to its accuracy. Upon
checking the values no difficulty was experienced in repeating
the values above room temperature, but considerably below.
After a number of determinations the curve as given was chosen
as correct. See Table No.3.

At high temperatures fpr weter it was often noticed

the beat note was weak. This can only be attributed to the

higher conductivity of the watsr probably to be connected
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with its increased dissociation. In this connection it is
worth noting that a pure tin container was found most satisfactory.
One other guestion might be considered here - the effect of
frequency on the value of the constant. It appears logical to
presume that if the wave length were considerably shortened, a
decrease in the order of magnitude of the constant is to be
anticipated. This point of view does not appear to be
substantiated from a consideration of preceding table. It is
hoped however that the resonance method used over a wide band
of wave length will show changes in the value. In the measurements
referred to above, the wave length was about 200 metres.
The DIELECTRIC CONSTANT OF HYDROGEN PEROXIDE.
When chc measurement of the dielectric constant of
hydrogen peroxide was attemm ed, two difficulties were met
with - 8ase of decomposition and conduction. The first of
these was overcome after considerable amount of experimenting
by constructing a cell (simidar to the one desckibed previously)
from block tin. The second was found to be due to traces
of the inhibitor which subsequent purification did not
completely remove. The method for its removal was fully
discussed in Section 1 and will not be repeated here. It is
sufficient to say that where the specific conductivity
is greater than J.O"5 accurate results are not obtainable.

In carrying out the determinations the values for peroxide
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were referred to water as a standard at 0°C . This
temperature was chosen because the tendency towards decomposition
is then minimized. For the same reason it was found advisable
to make only two cell séttings viz. at 20 and 80, making
possible a rapid determination of the value. If the measurement
was not carried quickly, it was found that tiny bubbles formed
on the plates after a period of about 5 minutes.

First of all, the cell was calibrated with water i.e.
the relative capacity for water between 20 and 80 known. The
same was then determined for the various aqueous solutions
of peroxide and the dielectric constant calculated in the
following manner.

Relative Capacity H202 Soln x 84.ly = E. for H202 Soln -

Relative capacity water.

CAPACITY VALUES FOR HYDROGEN PEROXIDE AND ITS

AQUEOUS SOLUTIONS RELATIVE TO WATER.

Temp. Q°C
% H202
99.53 Cell Setting Relative Capacity Water Values

80-20 - 33.20 31.30
“ 33.80 31.50
* 33.30 31.40
. 33.20 31.70
" 33.30 31.60
. 33.50 31.50
. 33.10
: 33.30

.30 .
Mean 33.28 31.50

- e > .o W ana ™



A % H202
(2) 98.87
Mean
(3) 81.27
Mean
(W)
6€3.80
Mean
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Cell Setting

Rel.Capacity

Water Values

34.85
34.70
34.65
3L.65

34.85
38.50
38.60

38.75
38.80

- a» o an v

h1.ho
Lh1.30

bi.39

32.10
32.05
32.30
32.10

32.10

- A wp W >y - -

32.11
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Cell Setting

£H202
(&) 56.23
86~-20

Mean

(6) 43.25 60-20

Mean

(7) 36.30 60-20

Mean

(8) 32.0

Mean

Relative Capacity
Temp. 0°C

L3.20
h3.25
L3.35
43.20
43.20

- -

.....

- a - >

Water Values

31.70
31.60
31.90
31.80
33.60

-y o w

L X R X
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# Hy0p Cell Setting Relative Capacity = Water Values
Temp . 09C
9) 25.8 30.70
30.70
Mean 3067 _.22:32
10) 20.80 60.20 30.00 23.%
29.70
29:20 22:32
Mean 30.00 22.32
11) 14.00 80-20 L3.40 33.80
43.00 33.70
L3.70 33.70
I3.50 33.60
Mean 43.42 33.62
(12) 6.9 80-20 37.70
37.20
37:40 3362,

Mean 37.40 33.62
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CALCULATION OF THE DIELECTRIC CONSTANTS

% H202

99.1‘.5 23.28 X Buoh = 8902 -
31.50
32.11

81.27 38.67 x 8li.l = 101.6 -
32.11

63.80 41.39 x 84.4 = 108.8-
32.11

50.23 k3.2 x 84.4 = 115.0 -
31.71

b.3025 3100 X 8“.0[‘. = 11602 -
22.32

36.30 31.80 x 84.4 = 121.1 -
22.32

32.0 31.54 x 84.4 = 119.0 -
22.32

25.80 30.67 x 84.4 = 116.0 -
22.32

20.80 30.00 x 84.4 = 113.5
22.32

14.20 g? x 8.4 = 108.5
33.62

6090 8‘.‘.014. = 914.00

w 4

W

AJO
o

The relationship between percent hydrogen peroxide
and dielectric constant is shown in the included curve.

DISCUSSION OF RESULTS

The fact that the curve passes through a maximum was
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hardly to be expected. It might have been anticipated had the
Solvent been one of low polarity, such as ether. Under the
circumstances the accuracy of the experimental results
might be doubted. That the method itself is applicable is
evidenced from the resalts already given for water and some
organic liquids. If the apparatus was actually giving
misleading results the error must exist either in the cell,
or impurities in the perodide must be masking the true
values.
The peroxide however was obtained from that used in
the determination of the 99.45 and 99.87% values. This
three times was diluted

peroxide which had ¥een crystalized/with distilled water
whose conductivity was low enough to prevent any error. In
the next section its value will be given. Further, the
water used for dilution was the same as that for the
cell calibration.

an investigation as to the probability of the cell
giving misleading results was also instituted. Observation
showed that a very slight decomposition occurred. This gave
rise to a thin film of bubbles on the tin plates of the
condenser. analytically the amount of decomposition
over a period of two hours could not be detected. If
this were the cause of abnormalities the value would

be lowered, not reised. The following experiment will

prove this. The three values for 20.8% H202 have
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already been given. The measurements were made in about
five minutes. The solution was allowed to stand two hours
in the cell and another reading taken. Bubbles of oxygen

were distinctly evident on the plates. The readings are given

below:
Cell Setting Relative Capacity
60-20 30.00 ) Time Interval
29.70 ; about five minutes
3030
26.40 after two hours.

Other instances of the same phennmenon were observed.

The possibility of a thin layer of tin oxide on the condenser
plates was also investigatdd. Readings for water were taken
before and after they had been cleaned with fine emery paper.

The results obtained were:

Cell Setting Relative Capacity
60-20 22.20 before cleaning
. 22.40 after "

CALIBRATION OF CELL
It is also to be noted the capacity values for
water changed quite noticeably. For #1 the calibration malue
for water is given as 31.50 for the 20-80 setting.
For 2,3, and L}, 32.11 was considered most correct, which

amounts to a variation of 2%. For #5 the value re-determined

was 31.7. As the capacity values for 6, 7 and 8, 9 and 10
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were large - a range of 20-60 was used -~ 22.32 was taken as correct
throughout these measurements. Upon determining water for the
14 and 7% solutions 33.62 proved correct. The reason for this
is that the cell being constructed of ¢ soft. metal like
tin may at various times have been sufficiently bent or
twisted to account for these variations.

The variations do not come into comparative measurements
since the cell was not subjected to any strain when a comparison
was made between water and peroxide measurements. A survey of

the results would however indicate that for any one set of

comparative readings the error is about 1%.

THE REFRACTIVE INDICES OF AQUEOUS SOLUTIONS OF HYDROGEN

PEROXIDE AND THE CALCULATION OF THEIR ELECTRICAL MOMEHNTS.

Inagsmuch as a close relationship exists between the
dielectric constant of a substance and the refractive index,
it was considered valuable to find in this case if the refractive
indices would show abnormalities similar to those observed in
the case of the dielectric constant.
As mentioned in the early part of this section an
approximate method for the calculation of the electrical
moment is possible when both dielectric constant and refractiva
index data are available. In order to make these two constants

comparable the refractive index was extrapolated for infinitely

long waves by means of the Cauchy Formule :. The accuracy

of this extrapolation is extremely doubtful because of the
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probability of the existence of absorption bands in the infra
red. The calculation of the moments has been done, however,
mot from the standpoint of the actual numerical values
obtained but rather to test the applicability of the Debkye
equation to highly associated liquids.

EXPERIMENTAL METHOD

The Spectrometer or goniometer is a convenient instrument
to use for this purpose. It consists essentially of a divided
circle about the axis of which a collimator and telescope
can rosate. The rays of light enter the collimator and
after passing through a lens form a parallel pencil. These
rays are refracted by a prism mounted vertically on the
centre of the divided circle. The amount of refraction is
determined by means of the telescope.

The source of light was a hydrogen tube which made
possible the measurement of the refractive index for three
wave lengths by focusing in turn on the Hydrogen lines 6563,
4861, 4340, which appear asred, blue and green images on the
cross hairs in the telescope eye-piece. The prism was
identical with that used by Maass and Hatcher. The formula
connecting the quantities whose values have to be known in order
to find N the refractive index is

v A4
N = Z
,ﬁu/f
2.
where A = angle of the prism, d = angle of minlmum deviatian.
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PROCEDURE

The angle A is first determined. The prism is adjusted so
that the rays reflected from one of the faces produce an
image of the slit of the collimator coinciding with the
cross wires in the field of view. The telescope is then
fixed and the prism table rotated until an image of the slit
again coincides with the cross line. The angle turned through
= 1800 - A.

The solution in question is then poured into the hollow
prism and its position fixed so that one face is parallel to
the collimator slit. The telescope is connected by means of
a set screw to the rotating disc. It is then moved to a
position where one of the images coincides with the cross
hairs, and also whevre on further rotation of the disc the
image turns and moves in the opposite direction. This is
the position of minimum dutation.

The position of the telescope is also noted whan the
prism is removed and of course is a constant = K. The
difference between the position of minimum duration and the K
gives d, - Focussing on the other two images permits the
determination of d, and d3-

N, = 8Sin A_+ (d; -K)

> for red line = 6563
Sin .f
>
N, = Sin A + (do -K) for green line = 44861
3in \



N, = Sin

Ko

H. Line

6563
L4861
L3Lo

A (d3 - K)
2 for blue line 4340
Sin f
2
‘Temp . 2ly. 50C
% H202 Angle of Minimum Prism angle
Duration
o 57° 24
13.85 22" L6}
230 150 "
230 323
35.48 230 503!
2o 19¢ .
248 320
55.60 2l° 53¢ 57%2241
259 22¢ "
259 L2}
Th4.79 25° 57 57° 24
26° 274
26° L33!
89.36 260 L6}
27° 243

- - o wm a>

- an ap @ - o

- s ap ap =
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The refractive indices for each wave length were then
plotted against concentration. The values at 20, 35, 50, 60,
80, 100 were read off each of the three curves. The following

values were cbtained in this way:

% H202 N. for H . Line Temp. 2l.5°C

6563. L861.  L3lo

20 1.3445 1.3515  1.3560
35 1.3552 1.3623 1.3672
Lo 1.358L 1.3600 1.3710
60 1.3735 1.3808 1.3863
80 1.3885 1.3955 1.4020
100 1.4030 1.4105 1.4175

EXTRAPOLATION OF THE REFRACTIVE INDEX TO AN INFINITE WAVE LENGTH

The Debye equation relating %a the diegectric
constant to the molecular refraction of a substance, may be

represented since %’Z/V,qﬂ'a MR

L % - wr,lhsnp”
E 2 d 3K T

It is evident that if MRwcobe known an approximate method
is available for the calculation of «( . To do this use is
made of the Cauchy formula which relates the refractive index

of a substance to the wave length at which it is measured. i.e.
N-1 = A(l'f'g'_ )

wd
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N is the refractive index, a and B are constants.

W is the wave length in Angstrom units. If W is infinite
N-1 = A. In order to obtaiﬁgmwo values of the refractive
index are required 2t & w, and W

2
lengths chosen were 6563 and L3L0.

wave lengths. The wave

A calculation is given to indicate how N & 1is obtalned.

CALCULATION OF N for 100f H202

N=-1=A(1+ B )
N for 6563 line = 1.4030

" L3ho = 1.1175

.. J030=a((1+ B)
(6563)2

A(l+ )
m%uoﬁ

£
n
i

Therefore .L4030 %+  .4030 B= .4j175 + .4175 B -
(L3L4o)2 (6563)2

B=1.145 x 106

Then .1O30 =A (1 + 1.(%55 ;)ioé)

A = 03910 -
N-1 = .3910 ,*, Noe> =1.3910 -

Similarly Nocowas obtained for the solution?®-Knowing N.<),
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MR <> can be calculated i.e. N2,- 1 M =MR.o .
NZ:;-Z d

The following results were obtained.
4 H202 N MR <>
20% 1.3360 3.854
35% 1.3460 L.110
Lo% 1.3495 L.154
60% 1.3637 l.533
80% 1.3756 L4961y
100% 1.3910 5.643

CALCULATION OF THE ELECTRICAL MOMENT OF PURE HYDROGEN

PEROXIDE AND ITS AQUEOUS SOLUTION.

Sufficient amount of date is now available to
calculate the electrical moments of Hydrogen peroxide,
and its aqueous solutions. The density of the solutions at 00
and 2,.5°. is given by Maass and Hatcher. M the molecular
weight cen be calculated.
A calculation of (¢ for a 20% solution is given.

From the curve for the dielectric constant

E = 113 Density at zero 1.080
MR =3.854 K =1.37x10° =273

Ng = 6.06 x 1023 M = 19.88



S.ostEL oM - MR o0 7 /_*‘_f__’%’,%z'
B2 GAT
we have -
%‘52. " i 365 u9 xxfégéx"lé‘fg /:‘2:3
) (%% * %08?) - x3.854) (9 x 1.37 x 10716 x 273

LT x 6.06 x 10°3
= gquare root of above expression
= 2.80 x 10712

The following values were obtained:

% H202

20 78 x 10 8
35 79 ® 10728
Lo .80 x 10.18
60 .80 x 10 °
80 .83 x 10 18
100 .86 x 10-18

THE MOMENT OF WATER

Two methods are available in this calculation since both
the temperature coefficient and molecular refraction for infinitely

waves are known. The refraction index method will be discussed
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first. Using the 6563 and L340 hydrogen lines MR.<¢> is found
to be 3.610. Using the appropriate constants for water

-18
is calculated as .78 x 10 .

Under the heading of*Experimental Verificatéon of the Debye
Theory* a method off determining ¢¢ is given depending on the
temperature coeffécient of the polarizability. For purposes
of comparison the calculaticn of the moment from this standpoint
is included. The equation is PoT = a+c T where
PoT =E1 M T, A and C are constants

E2 4d
obtained from a curve where PoT values are plotted as ordinates
and T as abscissae. (Using the values of E already given at

varicus temperatures PoT can be obtained.)

PoT Temp. A

?&% x 18 x 273 = L7h6 - 273
. 1

0:5 x 18 x 288 = L4991 ~ 288
Thelt  x 18 x 298 = 5157 298
77-4 1
68 x 18 x 323 = 5637 323

71 99
62 18
zz X 28 x 348 = 6160 348
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The value of a obtained from the curve = 237.6

4 -16
AL = 237.6 x 9 x 1.37 x 10
L 77~ x 6.06 x 1023

SN . .20 x 10 18

C= Lz Nau’ = MRo¢, = slope of the line
3

.. MR was found to be 1.64 . The correct value is 3.61
In order to compare the various values obtained for the

moments of peroxide and water they are listed below.

/u calculated from pm calculated for water
from Temperature co-efficient
MR and E of E
AT WRe e Y -1
Water .78 x 10 i 2 x 10 8

20% H202 .78 x 10718

35 % 79 x 20

h.o o ¢ .80 X 10-18
60 .88 x 10 18
80 “ .83 x 10718

-18
100 « .86 x 10
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DISCUSSION OF RESULTS AND THE STRUCTURE OF

WATER AND HYDROGEN PEROXIDE.

The curves relating refractive index to concentration
show no abnormalities as observed in the dielectric constant
determination. The same holds true for N plotted against
concentration. All the values fall approximately on continuous
gently sloping lines and the largest deviation occurs in the
case of the blue line for H2 viz [;340. This is undoubtedly due
to the experimental error because the blue image was not as
well defined as the other two and therefore increased somewhat
the difficulty of focussing the cross hairs of the telescope on
it.

Maass and Hatche;gobtained 1.4140 for the refractive index
of pure peroxide with sodium light and 1.4043 forg96.81%. From
the values given that of sodium light ought to be 1.406l as the
dotted curve shows. The refractive index at 974 does however
fall on this curve. On recalculating the value for pure per-
oxide from the prism angle and angle of minimum deviation
given by them, it was found to be 1.4063. 1.41LO as given
is in all probability due to an arithmetical error. The
refractive index was also determined by Bruhl. He obtained

Z4
values ranging 1.4005 to 1.4069. The upper limit of his

determination is about the correct one.
As the molecular refraction of a substance is both an

additi¥R and a constitutiwe one, it is interesting to see



what light it throws on the constitution of peroxide. The
s 1.4064)2 -1

use of the Lorenz.= Lorenz formula gives R = A x
R

(1.406L)°%+ 2 1

R = 5.805.
If R. for water = 3.715
. * Hydrogen = 1.050
Then R for O H= 2.665
If Hydrogen peroxide consists of two OH groups
linked by a single bond i.e. HO-OH, 2 x OH = 5.330 compared to
5.805 as calculated. The latter values point to unsaturation.
Either of the two following formulae are possible. HO = OH or
H - 9 - H
The'zolecular refraction of quadrivalent oxygen im pyrone
salts as measured by Miss Homfragzgs equal to 2.7
R for Z Hydrogens = 2.10
R * Z o0 = 5., 7.60
The calculated value for HO = O H is then 7.60
For a divalent oxygen linkage one obtains R forRydrogens 2.10
R " O = 4.58

6.68

The value for H - 0 - H is 6.68

DISPERSIVE POWER AND CONSTITUTION

Due to the researches of Bruhl the specific dispersive

power is represented in the following way:



NS~ 1 - N- 1
N27+2)d (N +2)d
and the molecular dispersive power as
()
Ng- 1 M _- N3- Ll M
Ne#2 d Ne+2 4
/
= My - M By putting Ny = 1.4175 end N =1.4030,

ﬁy - i give .0175. The atomic dispersions for the

lines are .036 for Ho and .0l9 for hydroxylic oxygen.

The calculated value for hydrogen peroxide would then be:

2 x M, =2 x .03 = .072

Calculated value .1l10

Observed

. 175

Neither the refractive power nor dispersive power of hydrogen

peroxide offers decisive proof as to the correct formula for

this substance. Some evidence of value may however be obtained

by a consideration of Sugden's

%6 parachor. On the basis of the

following formulae the calculated value of the parachor is given.

(1)
(2)

(3)

Parachor Calculated Parachor

observed
HO - 0OH .1 69.6
H ,3' - H 97.7
O
10~ 0 72.5
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(3) most nearly approahhes the observed value of 69.6.
This formula represents what is termed a co-ordinate
link, i.e. the electrons sharesf by the two oxygen atoms
come from the oxygen atom attached to the two hydrogen
atoms.
It appears reasonable then to supposeé that the

calculated values of the molecular refractive and dis-
persive power of hydrogen peroxide would agree, were

the atomic refraction of a co-ordinate linked oxygen
atom known. On the basis then of the deviations

shown in all three cases for formulae i and 2, 3 is
to be taken as correct.

ELECTRICAL MOMENT

The calculation of _¢¢ has been shown by many
investigators to hold unqualifiedly for gases. For

liquids this is subject to a restriction. If the

molecules with permanent moments are completely free

to move and have their dipole strength unaltered in the
liquid state thruugh combinations, then the law must hold
for both. If the liquid is one in which the molecules

tend to associate, that is, join in groups of two, three

or more moleculesi%%nthe temperature changes #@#h the dipole
strength is altered and the law does not apply. At lower
temperatures the association tends to annihyilate the

permanent moment resulting in much too small a quantity

in the calculsted value.
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In both the water and the peroxide solutions the

18. It obviously

calculated values are small viz. .80 x 10
has little significance so far as a physical constant is concerned
but it may be éonsidered as strong evidence for assocliation ia the
above cases.

From the abo&e considerations and those alone, it is possible
to make certain statements about the degree of association. Using
the principle that every system tends to a condition
of minimum potential energy, every type of association will
tend towards that molecilar arrangement with which a minimum
amount of energy is concerned. If the complex were di molecuidar
the most stable configuration would be a straight line, if
tri-molecular that of an equilateral triahgle. Beyond this stage
the configuration would be difficult to foresee.

If the formation of double molecules were complete one

should have instead of N, molecules of moment um contributing

NA/UZ to the mogecular polarization. N, molecules of

2
moment 2 m, contributing 2 NA)nz or twice the original

factor.

In the case of a tri molecular condition a configuration
of the type of an equilateral triangle would result in a zero
value.

If the value of the moments have any significance the
most logical thing would be to presume that most of the

molecules of water and hydrogen peroxide exist in the tri-



molecular condition, or that at any rate an equilibrium
condition.. exists between the di and tri molecular condition,
and also that simple molecules of either water or peroxide are

scarce.

The application of the electronic mechanism of valency

to the structure of water and hydrogen peroxide.

This question can best be introduced by considering the
much disputed question as to whether hydrogen should be classed
with the alkali metals or with the halogens. Hydrogen consisting
of a nucleus of one proton and attendant electron can lose an
electron easily, acting therefore like an alkali metal. It
appears however capable of taking one up either by sharing or forming
a negative ion.

Water may then be represented by any one of three formulae, u

Hx0H  [H] ¥ 0. H [u]* .o.’,; [1]

1 11 111

The first formulae represents two co-valent linkages - the
second a co-valent and an electrovalent linkage - the third
two electrovalent linkages.

The first formula could be interpreted to mean no shift of

electrons takes place. Such a molecule is typically "normal®

and non-polar.
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The second is unsymmetrical and a shift of an
electron occurs. Such a configuration is typically
abnormal®*iand polar.

Though the third formula has two electron shifts,
the symmetry would prevent polarity similar to the example
previously discussed for nitro-methane and tetranitromethane.

Formula 2 is probably correct for water.

THE FORMULA FOR H,0,

The formula H q H seems reasonable from two points of
view. Firstly, it gives the closest agreement between the
observed and calculated values for the parachor. Secondly
the ease with which oxygen splits off is in entire agreement
with such a configuration.

From the standpoint of electron valencies the

following formulee are possible -

HT 6;*0 H/*Q. -»0 H/*Q'*0
1 11 111

In 1 the two hydrogen atoms are linked by co-valencies
to 1 oxygen. A coordinate link exists between the two
oxygen atoms. In 1l one H atom has an electrovalent linkage ;
in 111 both H atoms have electrovalent linkages. The

high dielectric constant, high degree of association and

the properties of a weak acid point to formula 11, as the most

protable.



Section 111
THE CONDUCTIVITIES OF POTASSIUM CHLORIDE AND
ACETIC ACID IN HYDROGEN PEROXIDE AND ITS AQUEQUS
SOLUTIONS.

GENERAL INTRODUCTION:

By far the largest part of the experimentul data
substantiating the ionic hypothesis has been obtained
from observations made in aqueous solutions. To
merely state that water is an abnormal liquid is not
an explanation, because others just as abnormal in
a number of their physical properties do not possess
the ability in ceconjunction with acids, bases or salts
to form highly conducting media. It is probably correct
even to say that the theory of electrolytic dissociation
is the theory of the dissociation of acids, bases and salts in
water.

The reason for the specificivity in the theory is
not far to seek - few solvents giving rise to comparable
conductivities are known. It is at once evident then,
that the use of some solvent other than water, yet quite
similar in properties would be valuable in showing or at
least indicating what properties of water were mest

predominant in determining its ability to give rise to

dissociation of the above mentioned chemical types.
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Hydrogen peroxide appeared to offer striking
possibilities. Maass and Hatche£7and Maass and Mathesonzg
have already shown that the lowering of the freezing
point of peroxide by salts was of the same order of
magnitude as in water. Hence it was argued ionization
must be of the same order. Further if the dielectric
constant and ionization are related as Nernst and
J.J.Thomson believe, it is only logical to assume that
comparavle magnitudes are to be expected in peroxide
to those in water.

The value of such measurements having been decided
a difficult problem presented itself, viz. the methdd
of measurement. Obviously a commonly used conductivity
cell with platinized electrodes is uut of the question,
for both decomposition and polarization must be avoided.
The first of these difficulties could be overcome
as learned from previous experience by using tin electrodes.
If however tin electrodes are substitued and the ordinary
bridge method employed, polarization is still a factor
which has to be taken into consideration. Both of these
difficulties were satisfactorily overcome by measuring
the drop of potential across two tin electrodes with a
quadrant electrometer.

In order to make a just comparison with water
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conductivities were carried out in aqueous solutions
and pure peroxide using as the solute a strong electro-

KCL and a weak one - acetic acid.

EVIDENCE FOR AND FACTORS GOVERNING IONIZATION

As evidence of a comparable dissociation in hydrogen
peroxide to that in water the lowering of freezing paint

may be used. The following figures are given for different

substances. Solvent Solvent

Substance % Solute Water Peroxide
Temp Lowering

Cane Sugar 20 2.5 2.6

Ne Cl 15 11.5 12.1

Na NOg 20 8.5 9.0

Nao SOl b 1.2 1.6

The above figures taken from the determinations of
Maass and Hatcher indicate that the lowering of the freezing
point is about the same as in water. Again the molecular
weights determined by the freezing point method show

the same abnormalities as for water.



Ratio calculated M wt

Solute theoretical M wt.
Water 1.26
Cane Sugar .90
Sodium Chloride .53
Sodium Nitrate .56
Sodium Sulphate +35

On analogy with water then it is to be expected
that a comparable ionization takes place.

The high dielectric constant of water is supposed to
be a hint as to the cause of its great ionizing power
when controlled with dther solvents. The following

examples are chosen to make the comparison clear.

Water Methyl Alcohol Ethyl Alcohol
Dielectric Constant 80 34 26
% Ionization N K I
o 88 52 25

.. N NeBr 86 60 2y

-7 10

* ¢ N CH3 cook

A 10 83 36 16

The explanation as to how a high dielectric constant

favors ionization is as follows: #)
If we take the view that the forces which hold the atoms

in molecules are electrical in origin it is evident
(#/ Mellor Inorganic Chemistry page L79.
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that these farces will be very much diminished when the molecule
is close to the surface of or surrounded by a conductor or a
substance possessing a high dielectric constant. Thus if 4 and B
represent two atoms in a molecule:r placed near a conducting
sphere, the effect of electricity induced on the sphere by A
will be represented by an opposite charge Al, inside —
the image of:A in the sphere. If A be considered as the
positive charge very near the outer side of the sphere, al
opposite in sign beomes nearly the same value. The presence
of the sphere then, tends to annihilate the electrical field
of A. If it is an electrical field which tends to hold
A and B together, then the presence of a conducting sphere
weakens the forces between them. This same effect is believed
by J.J. Thomsox}q’oo be the cage when the molecules are
surrovanded by a substance of high dielectric constant, so that
when molecules having their electrical charges segregated
caused by electro-valent linkages, are dissolved in water the
forces between the constituent atoms is sufficiently weakened
to give rise to charged atoms known as ions.

A somewhat similar conception is possible by assuming
that electrolytes under all conditions are to some extent

ijonized. The force between the ions in the molecule is

given by F = e2

————

the letters having the same
F R2
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significance as in Section 11. If E is small F the
force of attraction tending to give rise to the molecular
condition is large. If E is large the force of recombination
is then small, so that in water most of the solute molecules
exist in the ionic condition.

In point of fact, however, the mechanism df ionization
is by no means as simple as the above outlined theory
assumes. In the first place, it is extremely improbable
that any simple mathematical expression applies over short
distances, and, secondly, complicating factors arise when it
is considered that ionization is actually a property of
neither the solvent or solute, but both.

Finally then it can be said that aithough plenty of
evidence is available to indicate that ions do exist, the
factors governing ionization are by no means understood.

Owing however to the fact that dielectric constants
of aqueous solutions of peroxide are considerably higher than
those of water, the relationship between them and the con-
ductivity of salts, offers a means for checking the
assumption used to explain the peculiar qualities of water

in this respect.
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EXPERIMENTAL METHOD

Two essentially different methods are available

for the determination of the resistance of liquids. For this
purpose they may be referred to as the static and the alternating

current bridge method. In the static method 3% polarization

at the electrocdes is avoided by measuring a drop of potential
across two electrcdes while in the alternating current bridge
methods the conditions of the experiment are so arranged as to
make it negligible.

Due to the mistrust with which Kohlrauscht's.  c¢onductivities
were originally received, the comparative accuracy of the two
methods was investigated by a number of workers in the field
notably Ostwald, Tollinger, Bouty and Foussereau. 3o

In every case the agreement was within the limits of
experimental error.

As none of the static methods differ in principle from
the one to be described here, they have been purposely
omitted.

In outline the apparatus consigted of a glass cell, into
which four tin electroces could be inserted. A current of the
order of .00l amperes was passed through the solution, the
circuit was made by means of the two outer electrodes which

will be termed the primary onee: A quadrant electrometer
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ccnnected to the other two (secondary electrodes) made
possible the measurement of the potential difference
between two fixed points in the solution. By means of a
double throw switch connected to the electrometer and
across a resistance box which is in series in the primary
circuit it was possible to measure the drop of potential
across both the fixed electrcdes and the known resistance.
The ratio of the Quadrant Electrometer readings in the two
cases made possible the calculation of the resistance of the
solution in question since the same current is flowing through
both.

In detail the glass cell was simply a U tube with
two other glass tubes sealed into the horizental portion
and in the same plane as the two outer arms. In the pxkmaxy
outer arms the primary electrodes were inserted while the
drop of potential was measured across the two inner ones
by means of the electrometer Q. The current was supplied
by a number of dry cells and passed through the resistance
Box R and solution on closing the switch S. The double
switch R could quickly measure the P.D. acrcss E.E. or R.
Due to the fact that the Quadrant Electirometer often is

difficult to manipulate, a short account of it is considered

pertinent.
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Essentially a quadrant electrometer consists of a
shallow cylindrical metal hox divided into four quadrants -
opposite quadrants are connected together. A light aluminium
vane 1is suspended by either a conducting quartz fibre or
phosphor brenze wire so that it hangs symmetrically imside
the box. The upper end of the suspension terminates in a set
screw to which a battery may be attached so as to charge the
vane to a potential of about 90-135 volts. In operation if the
two pairs of quadrants be connected to two bodies at different
potentials the vane is deflected to that pair of quadrants
which are at the lower potential. This deflection is indicated
by means of a mirror attached to the vane suspension and in
this case was reflected on a scale 2 metres distant. The
mathematical relationship between the deflection and the
potentials of the Quadrant and needle is -

€=k (V-vi-v,)
! 2_(vl-v2)

2
Where = deflection V = potential of the vane vj and 2

respective potentials of the quadrants.

When V is large © =AV (v1i-v2) - and since V is constant
o = ”él (¥1-v2)

If one pair of guadrants is earthed say vp, vp, =O
Then U = ,£g177 . This relationship was the one used

in subsequent measurements.
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Certain operations are necessary in order to satisfactorily
use the instrument. Stray currents, insulation leakages and
vibration must be avoided. In order to eliminate all
three of these the metal case was grounded and the electrometer
was placed on a heavy sheet of glass in turn supported by a
solid stone top table. As to the sensitivity, this will
of course depend on the type of work for which the electro-
meter is to be used. Quartz suspensions are troublesome and
are to be avoided wherever possible. The biggest objection is
the difficulty in making a good electrical connection between
the fibre and the vane on the one hand, and the point of
suspension on the other. A light phosphor bronze wire
can be used where high sensitivity is not demanded and the
difficulty of obtaining good electrical contact is removed.
For conductivity measurements the latter suspension was

found to give good results.

THE SCALE CORRECTION OF THE DEFLECTION

Owing to the irregularities in the semi-circular
scale and the position of the electrometer relative to
it, the scale deflections were not exactly proportional
to the potential differences measured. The following

method of correction was applied. 3 dry cells were used.
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Each in turn was connected across the quadrants of the electro-
meter and the deflection determined in all 3 cases. Two were
then connected in series and again determined. Finally the
deflection was noted for all three in series. The calculation
of the error will make the method clear.

(1) The scale deflection for each dry cell was found

to be L.60.

(2) Two were connected in series = 9.40

If function were linear = 9,20

o o Error = ,20

(3) Three were connected in series = 14.30

For a linear relation = 3xk.60 =13.80

- e . ap o

T Error

.50

The error was plotted against deflection as shown
in the accompanying graph and the correction made in each set

of measurements.

DETERMINATION OF THE CELL CONSTANT

The method employed in this case will illustrate the

general method employed in the conductivity measurements.

N/lo KCL was first employed for calibration. This solution
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was poured into the cell and the four tin electrodes

placed in position. The two outer electrices were connected

in the circuit of the cell C and the resistance R. R had a value
of 22000 ohms. The secondary electricdes were connected to one
pair of end terminals of the double throw switch K while

the other two shunted the resistance R. One of the centre
terminals was connected to ground, the other to one pair

of quadrants, the other pair of quadrants were grounded.

The switch K was thrown in turn across the secondary electrodes
E E and the resistance R and the Scale Readings noted.

A table of results is included. The letters refer to the

accompanying figure.

Temp. 20°C
N/10 KCL
Resistance for secondary electrades for resistance
22000 ohms .06 14.11
Correction to scale .0l L6
Corrected Readings .02 13.65
Resistance of Cell = 4.02 x 22000 = 6471 ohms

3.65
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Resistance of cell Specific Resistance

. Re<r or R = Kr where K = cell constant

The specific conductivity C = 1l wsherer = specific resistance
r

o R=K or K=RC
T

The specific conductivity of N

10 KCL at 200C = 1.17 x 1072
.+ K =6L71 x 1.17 x 1072 = 75.82
As a check the cell constant was also determined with

N/100 KCL
Resistance for Secondary Electrodes for Resistance

22000 16.00 5.80
Correction to Scale 57 .08
Corrected Readings 15.42 5.72
Resistance of Cell = 15.42 x 22000 = 59300 ohms

5.72

-+ gpecific Conductivity of N/100 KCL = 75.82_ = 1.278 x 10~3

59300

Landoldt Bornstein gives 1.278 x 10 3 . Actually the agreement

cannot be expected to be better than 1/2%.
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It might be mentioned here that in a series of
measurements involving the same cell and electrodes,
any change in the position of the secondary electrides
was obviated by having the electrodes of such a length
that they did not reach the main body of the liquid in

the horizontal portion of the cell.

RESULTS

Conductivity of acetic acid in 22.2 6% hydrogen
peroxide.

As the conductivity of acetic acid in peroxide was
expected to be low from analpgy with water, the aqueous
solution was purified as carefully as possible. After =
number of distillations a product was obtained having a
specific conductivity of 3.56 x 10-6. Even with a solvent
of the above mentioned conductivity corrections had to be
applied to the values obtained. This correction depends on
the fact that the solvent and solute act like two resistalces
in parallel. The resistance of the solution is related
to that of the solvent and solute,

= 1/R Soiute -+ l/R Solvent

lﬁ Solution
or specific conductivity of the solution = conductivity

of solute -+ conductivity of solvent.
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The following results were obtalned for acetic acid at

oocC.

Approximate
Normality.

= N
2 <

==
o)

Iz \n=
o

[ and
(@
o

\n|=
O
O

==
O
o
o

% H02
22.26 Uncorrected

prgeay X ]

Specific Conductivity

W am WD v R WD ap an wB

6.48x10"k
5.05x 107k

1.78x lO’A

7.70x 10‘“

5.1:8 ¥10™2
2.45x 1072

2.05x 1070

Corrected.

- - > -

6.4lx 1074
5.01x lO"LL

1.7hx 107k

7.34x 107
5.12x 1072
2.09 x107

1.69x 1072

Mol. Dilution
cond. in
litres
315 186
757 1.200
2.090 12.00
u.&O 6C.00
6.1y 120.0
12.5 600.0
20.3  1200.0

Conductivity of KCL in 22.264 Hydrogen Peroxide 09C

Approz.Normality _%HoO0> _Spec.Cond.

2N 22.26  9.62x10"2
-2

1N ° 5.36x10
N
10 o 1.26x 1072
3 -3
25 . 2.6Lx10
z -3
50 " l.41x 10
I L
100 v 7.63x 10~

Mol.Cond.

48.1
54,7

62.8

69.5
70.5

76.3

Dilution in L%
.500 Litres

1.020

5.00

25.0

50.0

100.0
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Conductivity of KCL in 35.48% Hydrogen peroxide. o°C

The Specific Conductivity of the solvent was found to be
2.0 x 10"9. Although this value is about ten times that

of the former solution no correction factor need be applied

for KCL.

Approximate

Normality % H20o Spec.Cond. Mal. Cond. Dilution

in

litres

1N 35.48 .84 x 1072 53,3 1.10

ol " 5.88 x 1073 59.3 10.10

40

N -

Boo " 6.30 x 10+ 676 107.3

Conductivity of Acetic Acid in 90.2% Hydrogen. peroxide 0°C

This aqueous solution was purified to an extent where

the conductivity reached a value of 2.2 x 10-6

ﬁ qua spec. Cond. Mol Cond. Dilution

Uncorrected Corrected

-5 2.22x10 ,
9% 201.‘.1.‘» x 10 .
. 1.23 x 107D 1.01x10™2  +0570 5.64

8.30 x 1006 6.1 x 1076 166 2930

5  .020 .901
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Conductivity of KCL in 90.2% Hydrogen Peroxide 0° ¢

The same solution was used as in the case of the acetic

acid determinations.

Approximate

Normality % H202 Spec.Cond. Mol.Cond. Dilution in
litres

1N 90 5.00x10™2 50.8 1.016

N

10 . 6.15 x 1003  55.9 9.083

N -

100 y 7-73 x 10 b 63.2 82.10

Conductivity of KCL in 100% Hydrogen Peroxide.

The peroxide used for this purpose was preserved for
about four months by keeping it frozen by means of solid
carbon dioxide. It was found that the conductivity was

high even after a crystallization, the value being about l.hfh
As a result the values had to be corrected.

% H202 Spec.Cond. Mol. Cond. Dilution in
litres

100% Uncorrected Corrected
" i.51x 1072 4.8 .995

- - a3 6. 11.1
. 5.25x 10 3 5.11x10 " 56.3
" 6.52x 10'14- 6.12 x 10 63.0 123.0
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DISCUSSION OF RESULTS

Probably the most satisfactory method to discuss the
conductivities of KCL and acetic acid in aqueous solutions of
hydrogen peroxide is to compare them with those of water. For
this purpose a series of curves is included to show the
relation between the mdlecular conductivity and dilution
for KCL. The curves for water and 22.26, 35.48, 90.2 and
100% H20, are all of the same type as water. Further
as the percentage of H202 increases the molecular conductivity
for any one dilution, decreases regularly. It might have
been expected that the 35.47% H, 0o solution would show
abnormalities comparable with the dielectric constant. Such
however does not appear to be the case. The fact also that
the dielectric constant of all the solutions is higher than
in the case of water, it would be anticipated that all of
the solutions would show a higher value with respect to
specific or molecular conductivity than water.

The ionizing power however with which the value of the
dielectric constant is presumably most directly connected is best
investigated by determining the ratio of the molecular conduc-

tivity at any dilution with that at infinite dilution. To
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accurately calculate by extrapolation methods the molecular
conductivity at infinite dilution necessitates the specific
conductivities of solutions of from N/1000 to N/10000.

Such data is not available from the present measurements.

In order to approximate to this value for the various
solutions the following method was rssorted to. The molecular
conductivities were plotted against per cent peroxide

for dilutions of 10, 20, O and 100. The included curves
shew a distinct break in the curve for all dilutions at about
L4o4 hydrogen peroxide.

The value of the molecular conductivity of KCL in water
was taken as 81.5 at infinite dilution & 00C. and the curve
was drawn, by proportionality considerations, to those obtained
at dilutions of 10, 20, 4O and 100. In this way then an
approximation to the conductivities at infinite dilution

is possible.for the four aqueous solutions, the following

figures were obtained.

%H20, Mol. Cond. of KCL at infinite dilution
100 €5.5 00C

90 66.0

35.5 71.5

22.2 75.8
water 81.5

The ionizing power =-—/——L—- where /L and ~Lo© haye the
”<J
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Each curve in the above group of four represents
the relationship between molecular conductivity and
percentage of peroxide at same dilution. K C L is the
electrolyte. The curve marked infinite dilution was

drawn by analogy to the above-mentioned ones and was used in
calculating the icnizing power of the agueous solutions and 3

pure peroxide.



-20-

significance already referred to. A comparison can now be

L

made for —— between KCL 1in water and KCL in the

S0

peroxide solutions at the same dilution.

Dilution 10 L

FH20, Vi ad Ioniging Power
100 25.5“ .848
5.5
90 2625 .856
.0
35-5 22:2 .830
71.5
22.2 65.% . 868
75.-
water 1.5 -877
81.5
Dilution 50 A
$H0, L& Ionizing Power
100 61.8 945
5,5
90 62.
-0 .952
35.5 66.2 .928
71.5
22.2 712 .91
75.8
water lé_
81.5 .932
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Dilution 100

£ Hy0, /L O - Ionizing Power

100 62.6 957
5.5

90 6 ’ .962
7%

35.5 67.1 942
T1.

22.2 72.8 .9861
75.8

water 77-6 .955
i

The approximate ionizing power so calculated leads
one to the conclusion that the degree of dissociation
of strong electrolytes is about the same as in water.
This point of view is fully substantiated by the lowering
of the freezing point of salts dissolved in pure hydrogen
peroxide.

Certainly there is no evidence to show that the higher
dielectric constant of the peroxide solutions markedly

increases the ionizing power. In point of fact it is to be



noted that in all three cases i.e. for dilutions, 10, 50
and 100 a minimum value for the ionizing power 1s obtained
for the 35% solution whose dielectric constant is highest.
Due, however, to the approximate character of the data
definite statements cannot be made until more accurate
values are obtainable. The only conclusion which appears
Justifiable is that due to the abnormally high values of
the dielectric constaht of water, hydrogen peroxide and

its aqueous solutions. The ionizing power of these solvents

is high and of a comparable magnitude.

THE ACIDITY OF HYDROGEN PERCXIDE

It was always noted that irrespective of the
degree of purity that could be obtained, that solutions
exhibited an acid reaction towards litmus paper. Other
investigators have described hydrogen as a weak acid and it
is interesting to see just to what extent this is true.

On comparing the hydrogen ion concentration of water,
hydrogen peroxide, carbonic and basic acids, the following

results are obtained:



Substance'

H50 .8 x 1077
H,0 b x1 =5
2 A x 10
Boric aciad .8 x lo-u
Carbonic Acid 6 x 10"1+

The H ¥ ion value for peroxide was obtained on the
presumption that the specific conductivity was 2 x l().6
and that the sum of the ionic conductances of H?1 and Héé
ions at infinite dilution was approximately the same as
water viz. [i87. As, however, the measurements were
carried out in a glass vessel the true conductivity

may be considerably lower. All that the above table

is designed to show is that hydrogen peroxide is a very

weak acid, even on making comparisons with boric and

carbonic, which are known to typify weak acids.



SUMMARY

The physical constants of hydrogen peroxide are

probably of most interest when compared and contrasted to
those of water. Due to the fact that the constants described
and discussed belong to distinct branches of physical
chemistry it was considered best to deal with them under
separate headings referred to as Section 1, 11, and 111.

In the first place, the value ofany constant depends
on two things, the purity of the material under investigation
and also the accuracy of the measurements. Few substances
offer greater difficulty in this respect, for bbth the
purification and subsequeni measurements must be carried
out under such conditions as will ensiire minimum decomposition.

Due to this complicating factpr of decomposition, a
detailed account of how the process of purification was
carried out seemed pertinent. It has been maintained
that each organic stabilizer if present must be treated
in a specific fashion depending on its chemical nature
and its effect on the peroxide solution. In the case
of inorganic stabilizers or impurities these are

satisfactorily removed by distillation in slightly alkaline

solution.



As one of the criteria of purity a re-determination
of the melting point was considered advisable. The
value -.90 appears to be more correct than that previously
determined by Maass and Hatcher. The reasons for this are
discussed in Section 1.

The density determinations differ slightly from
Maass and Hatcher's values. Decomposition of Hydrogen
peroxide in the dilatometer made necessary the correction
of the reading for the volume of oxygen liberated. 1.4649
is considered to be the correct value at 0°C.

The final part of section 1 has to do with the partition
of hydrogen peroxide between ether and water. No data is
available from other sources above 30% peroxide. The results
in section 1, however, cover the whole range of concentrations.
It was also found that the simple application of the distribution
law was impossible as no constancy in the partition is to be
noted, even for dilute solutions. When however the state
of aggregation of hydrogen peroxide is taken into considera-
tion, a reasonable agreement to constancy is obtained.

The value of the distribution law in this case then,

appears to be that sfix qualitative relationship exists
between the nature of the solvent and the state of

aggregation of the peroxide dissolved in it.



Section 11 is devoted to the dielectric constant
of peroxide and water. The physical and chemical
significance of this constant was discussed and the
theory as developed by Debye given.

The apparatus for measurement of the dielectric
constants of liquids has two distinguishing character-
istics from those employing the resonance principle.
Flexibility in design makes possible measurements
at different frequencies, and secondly, the type of cell
used permitted accurate determinations without the
necessity of correcting for lead or end meffects in
the condenser.

As to the values obtained, those for water
agree reasonably well with previous investigators.

So far as is known, no accurate value has been
obtained for pure hydrogen peroxide. The measure-
ments made with it and its agqueous solutions show

that the value is higher than water. For 100 per cent
peroxide it is 89.2, passing through a maximum for

a 35 per cent solution of 120 and gradually dropping
to 8L corresponding to water at 00C.

By making use of the refractive index measurements

and those of the dielectric. constant, the electrical

moments were caiculated, both for water and aqueous



solutions of percxide. It is concluded that the

high degree of association in the case of water

and pure peroxide, annihilates the permanent moment
of the single molecule and that in solution the
effect of the fields of force around both the solvent
and solute molecules give rise to moments of comparable
magnitude tc those of either water or pure peroxide,
Finally, a structural formula 1is given baded on modern
valence cohcepts.

In section 111 a method for the accurate measurement
of conductivity of salts in peroxide was discussed.
Polarization and decomposition at the electrode are
eliminated. The values obtained in solution using
K CL as an electrolyte indicate that the ionization
is of the same order as water. The results were discussed
from the standpoint of the dielectritc constants of
the media but no quantitative consideratiors could at
present be drawn from them.

In conclusion, it appears correct to consider
hydrogen peroxide as a highly associated liquid possessing
an ionizing power comparable to that of water. In con-
trast its energetic oxidizing properties, and ease of decom-

position indicate the effect of the addition of an extra

oxygen atom 10 an extremely stable molecule like water.
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